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SUMMARY

Effects of modal cross-correlations on the spatial distributions of vibration amplitudes are investigated for a damped,
uniform beam having localized excitation. Using a computerized modal analysis method, analytical estimates of the
space-average mean-square acceleration response spectra were determined for a variety of uniform cylindrical shells
and flat plates exposed to ducted progressive acoustic wave fields, a reverberant acoustic field, and boundary layer
turbulence. Several approximations of the series response squation are introduced in order to show how special situ-
ations can be treated by elementary methods. A comparison between the modal analysis and statistical energy methods

is presented for shell response to reverberant acoustic excitation.
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INTRODUCTION

During 1967 and 1968, acoustic and vibration qualification tests were performed on the Apollo structure at NASA's
Manned Space Center in Houston, Texas. The structure tested included the stacked configuration of the Command
Module, Service Module, Spacecraft Lunar Module Adapter (SLA), the Lunar Module mounted within the SLA, and
the Instrument Unit. These tests were performed in the Spacecraft Acoustic Laboratory (SLA) which is housed in
Building 39 at the NASA complex. The SAL facility was designed to subject the structure to two types of acoustic

environments, namely:
a) A reverberant acoustic field.

b) A progressive wave field generated within sixteen, oxially oriented ducts that are close
coupled to the skin of the vehicle and which are independently driven at one end by

random acoustic noise sources.

These two acoustic environments were used to simulate the fluctuating pressure environments on the vehicle due to
rocket noise at launch and due to in-flight boundary layer turbulence. By limiting the acoustic correlation lengths
around the circumference of the vehicle, the sixteen ducts provided a measure of simulation of aerodynamic

turbulence over the vehicle skin.

In support of the above testing program, an analytical study was made of the vibration responses of a portion of

the Apollo structure when exposed to various types of fluctuating pressure environments, including:

® Axially oriented ducts of various circumferential widths
® Reverberant acoustic field

® Boundary layer pressure fluctuations

Comparisons of responses to acoustic and boundary layer turbulence fields allowed the acoustic spectrum levels
to be adjusted as a function of frequency so that the acceleration response spectrum to acoustic excitation is
similar to that expected for in-flight turbulence. Response to the acoustic launch environment was expected to
be similar to that of a reverberant or duct field. In order for the analyses to be tractable, the portion of the
structure selected for analysis was the SLA which is a uniform, truncated conical shell constructed of 1.7 in.
thick aluminum honeycomb. The short angle of the shell is only 9 degrees so the analyses were conducted for

an equivalent cylindrical shell having the same length and same average radius of the SLA.

The method of analysis used is a classical modal analysis of the shell in which all modes were included whose
resonance frequencies were between 10 and 1000 Hz. An exception is that all (m,n)-modes of the shell for
which n =1 were deleted because it was felt that constraints on the ends of the SLA were insufficient to
permit such modes to respond. A detailed discussion of the method of analysis and of the analytical results are

presented in References 1 and 2,

During the course of this analytical study, @ computer program was developed at Wyle Laboratories, Huntsville
Division, for the purpose of performing the detailed calculations of the modal forcing functions, resonance
frequencies, dynamic magnification factors and the summation of the space-average gqcceleration responses of all
of the modes of the shell. Since the submission of Reference 1, the authors have extended this computer program

to include:



Analyzeable Structures

® Uniform Cylindrical Shells

® Uniform Rectangular Plates
Excitation Fields

® Point Force
® Axially Oriented Ducts

Distributed over entire surface or localized fo any
® Reverberant Acoustic Field

rectangular area.
® Boundary Layer Turbulence

Printouts

® Resonance Frequencies

® Deflection, Velocity, or Acceleration Spectrum for Space-Average or Pointwise Responses
® Third Octave Responses

® Tables of Individual Modal Responses Ordered by Response Amplitude

® Joint Acceptances

® Dynamic Magnification Factors
Plots

® Resonance Frequencies Versus Either Mode Number m or n
® Response Spectra

® Joint Acceptances

Since the development of this computer program, it has been used to analyze the responses of a variety of plate
and shell structures. Included among these are the Apollo SLA, Supersonic Transport (SST) (Reference 9), and
the Manned Orbital Laboratory (Reference 10).

This report has several purposes. First, an assumption is made in Reference 1 that the effects of cross-correlations
between responses of different modes are small and can be neglected, and hence that the space-average response
of the SLA is a good measure of the response at any point on the shell. Some interest has been generated in these
cross-correlations, In reference 3, Wilby investigates the magnitudes of such terms for flat plates exposed to
boundary layer turbulence and he finds that in general their contributions can be neglected. As discussed by
Powell in Reference 7, these cross-correlations account for the difference between the space-average response
level and the response at a point; and if the differences between these are significant, then the modal cross-
correlations can be expected to be significant, As an example of such a circumstance, response of a damped
plate or shell to a localized excitation will display vibration levels at the source location (area of application

of excitation) which are high relative to levels at some distance from the source. This decay of vibration levels
with distance is expected to increase with increasing frequency. Thus, for response of a structure to a point
force, or any other localized excitation, the modal cross-correlations will be important at high frequencies.

Such cases can be of practical significance when aerospace shells are exposed to localized, high level turbu-

lence and buffet loads in the neighborhood of a protuberance.
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In an attempt to study the modal cross-correlations in a simple manner, an analysis is presented in Section 2,0 of

the vibration responses of a damped, uniform, pinned-pinned beam excited by a harmonic couple at one end.

This vibration problem is solved analytically by an exact method which leads to a closed form expression for the
distribution of deflection umplitudesuloﬁg the span of the beam. The problem is then solved by the modal analy-
sis method in which the effects of modal cross-correlations are included. The results of both methods were nu~
merically evaluated for excitation frequencies equal to the undamped resonance frequencies of the first and third
modes of the beam, and it was found that the results were exactly equal. Graphs are presented which show how .

the cross~correlations control the dissipation of response levels with distance along the span of the beam.

As discussed in Reference 1, in the modal analysis technique, a large number of modes of a plate or shell are
employed in the computation of a response spectrum. At each frequency, the space-average mean-square re-
sponse of each mode is computed by accounting for dynamic magnitication factors and the structural pressure
field coupling factors (joint acceptances) for the two principal directions of the structure. The total mean-square
response at the given frequency is then found by summing the responses of all the modes. This procedure is re-
peated at 100 excitation frequencies per decade for two or three decades. Although this large amount of com=-
putation appears to be a formidable and expensive task, Wyle Laboratories computer program is designed so that
the entire computation for a single analysis can generally be performed in about 2-3 minutes on a high speed

digital computer,

This computer program was used to determine acceleration response spectra for a variety of cylindrical shells and
plates exposed to various fluctuating pressure environments. These environments include ducted progressive acous-
tic wave fields, a reverberant acoustic field and boundary layer turbulence. For the duct excitation, responses
were determined for different numbers of ducts (one to sixty—-four ducts) and a special study was made to deter-
mine the effect on high frequency responses of an exponentially damped correlation function for one sixteen duct
field. The results of these computations are presented in this report in order to show the variability of responses

of different types of structures and different types of excitation.

Section 3.1 of this report contains @ summary type description of the shell and plate structures that were analyzed.
These structures were chosen with sufficient variability of geometry, stiffnesses and masses such that general trends in

response characteristics can be noted from the computed acceleration spectra.

Mode shapes and generalized masses for uniform shells and plates are discussed in Section 3.2. This section is
included since the mode shape functions assumed for cylindrical shells have been improved relative to those em-
ployed in Reference 1. In particular, the amplitude of the tangential mode shape is varied with circumferential
mode number so that the cylindrical shell asymptotically approaches a flat plate for a large number of circum=~

ferential modes. The resulting effect on generalized mass is also discussed.

Resonance frequencies and modal densities of these structures are analyzed in Section 3.3. Characteristics of
the various fluctuating pressure environments are briefly reviewed in Section 3.4 and this is followed by a dis-
cussion of the coincidence phenomena in Section 3.5. Appendices A and B, in which the mathematical forms

for joint acceptance are developed, are included as supplements to the discussions in Sections 3.4 and 3.5. The



general series equation used for the acceleration spectrum computations is presented in Section 3.6, and this is

followed in Section 3.7 by the development of several simplifying approximations of the general response equation.

During the past few years, significant advances have been made in the development of statistical energy methods
as applied to structural vibrations. Such methods provide an alternate technique for computing vibration responses
of shells and plates exposed to fluctuating pressure environments. It is of interest to compare results obtained by
the modal analysis method and the statistical energy method, and for this purpose, the equations used in the latter

approach are reviewed in Section 3.8,

Section 4.0 contains a summary type discussion of the many acceleration spectra computed during the course of
this study. SLA responses to acoustic excitation within 1, 2, 4, 8, 16, 32, and 64 ducts are presented in Section
4,1.1, Here it is shown that theoretically a rapid roll-off of response occurs above the ring (actually coinci-
dence) frequency. A comparison is made between these predicted responses and a comparable exberimentally
measured response which shows no such roll-off. The possibility exists that actual space conditions differ from
those assumed in the analysis; and as a possible explanation of this difference, acceleration spectra are presented

in Section 4.1.2 for an acoustic field with an exponentially damped correlation function for each duct.

An investigation of the modes of the SLA shows that this shell is a rather special case shell in that all shell modes
are acoustically fast in the axial direction, and the flat plate acoustic colincidence frequency occurs at approxi-
mately twice the ring frequency, whereas for thin wall cylinders this factor is five to ten times. It is interesting,
therefore, to consider how the response changes as various structural parameters are altered, such as the radius,
extensional and bending stiffnesses and the mass per unit area.  Several such cases are analyzed and discussed
in Section 4.1.3 for acoustic duct excitation. For purposes of comparison, this section includes the analysis of

several other smalier shells with homogeneous skins and a few flat plates.

The basic SLA shell and the other cylinders and plates are analyzed for response to a reverberant acoustic field
and to boundary layer turbulence in Sections 4,2 and 4,3. Reverberant responses of these structures are similar
to responses for duct excitation; however, there are differences which warrant presenting responses for both types
of acoustic fields. The essential difference in response to reverberant and duct acoustic fields lies in the circum-
ferential correlation lengths, which for a reverberant field are quite different from those at a ducted progressive
wave field. Structural responses of plates and shells are often analyzed by statistical energy analysis methods;
and for purposes of comparison with the modal analysis fechniques, several reverberant response spectra are com-
puted by both methods. Responses to boundary layer turbulence are presented for different Mach numbers and
different boundary layer thicknesses. Comparisons of the respanse of a given structure to different types of

excitation are made throughout Section 4.0,

In the computerized version of the modal analysis technique used for the above response studies, no attempt is
made to predict those modes which are expected to be dominant. The computation procedure could be made

more efficient if the significant modes responding at any frequency could be predetermined. Several example
structures were selected for a detailed mode-by~mode analysis by the digital computer, and printouts of the first
40 most important modes are made at four frequencies for duct, reverberant and turbulence excitation. The print-
outs include mode number, joint-acceptance dynamic magnification factors, wavelength ratios and accumulation
percentage confributions of the modes to the total response. In addition, plofs are bresenfed of the number of

modes required to achieve various percentages of the total response. (These data are discussed in Section 4.0.)
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2.0

RESPONSE OF A DAMPED BEAM FOR LOCALIZED EXCITATION

This section of the report contains an analysis of the steady-state vibration response of a damped, uniform,
pinned-pinned beam for a harmonic point-couple applied to one end of the beam. The absolute value of the
deflection amplitude is determined as a function of position along the span of the beam; and the space-average
value of this amplitude over the length of the beam is also determined. For purposes of comparison, the beam

analysis is performed by two different methods, namely:

1. An exact analysis which leads to o closed form expression for the deflection amplitude .

2. A modal analysis which leads to a Fourier series type expression for the deflection amplitude.

Due to the presence of damping, the vibration levels in the neighborhood of the excited end of the beam are
expected to be higher than the vibration levels near the other end; and in general, the vibration levels should
decay with distance from the source of excitation. Furthermore, the rate at which deflection amplitudes decay
with distance along the span depends upon the magnitude of internal damping and upon the excitation frequency
such that the decay rate increases with either damping level or excitation frequency. For nominal values of
damping, the spatial decay rate is not large at low frequencies such as the resonance frequency of the funda-
mental mode of the beam; however, at higher frequencies, the spotiol decay is pronounced. For a fixed volue
of beam damping, this effect is often described simply as a constant decrease in vibration amplitude across

each elastic wave length of the beam so that the decay rate increases with an increasing number of elastic

waves along the span of the beam.

The exact analysis method provides a closed form expression for the spatially decaying vibration levels; and the
functional control of damping and frequency upon the decaying vibration levels is readily apparent. The primary
purpose of this analysis is to show that a modal analysis technique, which involves a series of non-decaying
response quantities, can be accurately used to predict the same spatial decay of vibration levels along the span
of the beam. In porticular, it is shown that the cross-correlations of responses of different modes of the beam are

responsible for this decay.

Numerical examples are constructed for each of the two methods of analysis. Using the exact method of
analysis, two numerical examples are presented in which the excitation frequency is chosen so as to be approxi-
mately equal to the resonance frequencies of the first and third modes, respectively, of the undamped beam. For
purposes of comparison, the second of these two numerical examples is repeated by using equations developed
from the modal analysis. Comparable values of damping are used in all of the examples; and in order to
emphasize the spatial decay of vibration levels, a relatively large value of damping is employed, namely, a

domping value which is approximately equal to one~half of critical damping for the resonant mode of interest.

Equations of motion for the two methods of analysis are developed in Section 2.1. Here, for the exact method
of analysis, the excitation couple is introduced as a boundary condition on the bending moment at the driven
end of the beam; while for the modal analysis method, the excitation couple is treated as the limit of a dis~
tributed force along the beam-span. Based on the equations of motion, exact response equations are developed

in Section 2.2 and modal analysis response equations are developed in Section 2.3.



2.1 Equations of Motion

Consider a uniform pinned-pinned beam whose basic properties are defined as:

length

moment of inertia of cross-section area

L
p = mass per unit length
I
E

Young's modulus of elasticity

¢ = equivalent viscous damping per unit length.

Such a beam is shown in Figure 1, wherein the following quantities are used to describe the excitation and

dynamic response of the beam:

x = axial coordinate; 0 <x <L

t = time

U(x,t) = bending deflection

8(x,t) = bending slope

3 U(x,1)/ax (1q)

external point couple applied at x =0.

()

c(o,1)
Internal beam bending moments and shear forces are shown in Figure 2 and are defined as:

M(x,t) = internal bending moment

= E132U(x,1)/0x? ' (1b)
V(x,t) = internal shear force
= - AM(x,)/2x = - E1 33 Ulx,t)/ax* (1¢)

Analternate form of excitation of the beam s shown in Figure 3, where:

F(x,1) = applied force, per unit length, centered at x;

= F1) - [x-xg)/e], [x=x| < e (20)
=0 ¢ |x-x| >0
F(t) = maximum value of F(x,t) ot xy + ¢

C(xg st) = point couple at x; which is equivalent to F(x,t)

Xy te

(cmxg) Fix,t) de =2 () - (2b)

Xo-!

In the limit as F(f) — o and ¢ — 0, such that F(t) - ¢? remains finite, and as xg— 0, the force distribution

F(x,1) and the point couple C(xq,f) reduce to:

Lim F(x,t) = - C(0,1) + d&6(x)/dx e—~0
F() ~ @ (2¢)
Lim C(x, ,1) = C(0,1) xg— 0



Dirac delta function
=, x=0 (2d)
=0, x#0

8(x)

d&(x)/dx = derivative of §(x)
= - §(x)/x (see Page 743 of Reference 8) (2¢e)

The equation of motion of the beam can be written in either of the following homogeneous or inhomogeneous

forms:
2 4
i 9°Ux,1) +e aUa():,t) +El 94 Ulx, ) _ 0 (30)
at? ax4
2 4
" 3“U(x,1) . U(x, 1) +El 34 Ux,t) _ Fix, 1) (3b)
at? ot ax4

Assuming that the excitation and response are steady-state and harmonic at frequency v, any function G(x,1)

can be expressed as

G(x,t) = G(X) eiuf = {U(xlf)l e(xlf)l M(xlt)l v(xlt)l C(xo If)l F(xlt)l F(t)} (40)
G(x) = complex amplitude = {U(x), 8(x), M(x), V{x), Clxp), F{x), F} (4b)

In this case, Equations (3) reduce to the following ordinary differential equations:

d4up) _ (A U
— = = (x) (5q)
dx4 (L)
d4upd _ Y oo+ FO
U = [A) ypgy'+ EX (5b)
ek (L) El
where
4
A ='l§T po? (1-i8) (60)
=)\‘; exp {~i4yp+i2nx], n=0,1,2,3 (6b)

N =L el - (wEn? - (14217

= [a? + 82 ]i (from Equations (9e) and (9f))

(6<)
A2
= (=2 . ‘/ EL | 21~%
v ( L ) s [V+8%)
§ = c¢/pw = damping factor (0 < &< ) (6d)
y = -l-tan" § = phase angle (0< ¢ < 22.5% (6e)




Equation (6b) implies that for & >0, A has the following four distinct complex values:

A=a-i8, n=0 (70)
=-f-ia, n=1] (7b)
=-a+ifi, n=2 (7<)
=g8+ia, n=3 ' (7d)

a=x, cosy, (l.OZcos¢_>_0.92388) (7e)

8= )\0 stn g, (0 <sin g <0.38268) (79

Equation (5a) can be used to describe the response of the beam to the end couple by introducing C(0,1) as o
boundary condition on the bending moment at x = 0; and this approach leads to an exact closed form solution as
discussed in Section 2.2. Equation (5b) can be used to obfain an equivalent infinite series solution in terms of
modal responses to the line force F(x,t), and in the limit to the end couple C(0,1); and this type of solution is

developed in Section 2.3.

2,2 Closed Form Equation for Response

The general solution of Equation (5a) is:

Ux) = Acosh AXx+Bsinh AX+Ccos AX+ Dsin AX (8a)

% = x/L = nondimensional coordinate; 0 <X < 1 (8b)

A,B,C,D = constants of integration.

Boundary conditions af the fwo ends of the pinned-pinned beam are:

Ux) =0 ot x=0 and x=L (94q)
Eld?U(x)/dx? = M(x) =~ C(0) atx=0 (9b)
=0 atx=L

Note that the negative sign is used in Equation (9b) because the applied couple C(0) is opposite in direction to

the beam bending moment M(0) ot x = 0. From Equations (8a) and (90,b) the constants of integration are:

A=-C=-L2C(0)/2EIN?
8 =-Actnh ) (9¢)
D=Actn)

Substituting Equation (9¢) into Equation (8a) gives the following closed form expression for the deflection
amplitude of the domped pinned-pinned beam to the end couple:

U6 = €O Gy (100)
2EIN?

U(x) = normalized deflection response

—sinAy _ sinhAy
sin A sinh A (10b)
y=1-% (10c)



As a partial check on the validity of Equations (10), the excitation frequency can be set equal to zero giving an
expression for the static deflection, Ug(x), due to a static end couple C(0); and the resulting equation can be
compared with well known solutions. Equations (6) show that A — 0 as & — 0; and for vanishingly small values
of A, the functions in Equation (10b) can be approximated by the first few terms of their power series expansions,

namely:
. - -~ ] —y2
Sin Ay =AY ]--g(}\y) + ...

sin AT =\ [1-%)3 +] =) [1+%>‘2 - ]
: > an
sinh A7 = A [1+3(>\7)2+...]

. S 1.2 2 4=l 1,2
(smh)\)'—)\l[l+—)\ +...]— [1--x -]
6 [ y,

Substituting Equations (11) into Equation (10b), and taking the limit as A— 0 gives:

L2 c(0)
U = g 2-9 (1 -9 % (124)
UsCd = U6d {2 (12b)
c0) = c(0)

Equation (120) is equivalent to that presented under condition 19 in Table 1II on Page 104 of Reference 6. Note
that a pesitive couple C(0) yields a positive deflection Uy(x) as expected on the basis of the sign convention

shown in Figure 1.

Ancther special case of interest is that which corresponds to zero damping. In this case, c =6=¢=8=0

according to Equations (6a,b,c). Thus, Equations (10a,b) reduce to:

Ux) ="ﬂ% i) (13)
2 EIA]
5=0

sin\ ¥ sinh A, ¥

Ux) = (13b)

sinhg _ sinh Ao

When Ay =mm, m=1,2,3, ..., the first term in Equation (13b) becomes infinitely large implying that

Ao = mm comresponds to a resonance frequency of the undamped beam, with sin mmy, or sin mwx, being the
associated resonant deflection shape of the beam. Thus, the resonance frequency and mode shape of the m-th

mode of the undamped, pinned-pinned beam are:

g = undamped resonance frequency of m-th mode
2 3
= (mx E
“(L) '[p] (13¢)
q:m(i) = mode shape of the m-th mode
=sinmu X (13d)




From Equations (10a,b), the functions U(x) and U(x) are even functions of A, so that from Equations (7), only

A=a-if and A = B +ianeed be considered. However, it can be shown that

[sin )\2] - [sinh)\"z]
sin A r=a-iB sinh A A=f+ia

[sin )\_2] - [si?h )\‘x] (14)
sin A A=B +ia sinh A A=a-i8

Gl

22 A=a-if S A=B+tia

1t follows from Equations (14) that the combined form of Equations (10a,b) is identicolly the same for A= a~i 8
and A= B +1i a; and hence, the four complex values of A defined by Equations (7) lead to the same deflection
equation. It is sufficiently general then to let A = @~ i 8; and in this case, it is readily shown that the rea!

(R) and imaginary (&) parts of the two terms in Equation (10b) are:

‘—si A7l = cos @X - cosh B(2-%) - cos a(2-%) - cosh 8x _ } 1.0 at X=0
gz_sink] cosh2 f~cos2 0 ot x=1 (154)
y-sin)\' _ ~sithB(2-%) - sinaX+sinh X -sinax(2~%) _ |0 at X=0 (155)
| sin X cosh2 8~ cos 2 a 0 ot X=1
‘.sinh)\' ~ cosh a(2-%) * cos BX -~ cosh aX < cos B(2-%) _ }1.0 ot X=0 (15¢)
& Sish % cosh2a-cos2 B 0 at x=1
P [siph A7) _ siph @ (2-%) - sin BX - sinh aX -sin (2-%) _ §0 ot X=0 (150
[ sinh A coshZa-cos2 B 0 ot X=1
In terms of the quontities defined by Equations (15), the reol and imaginary ports of U(x), os well as the
absolute valve of Ulx), are:
- _ sin Ay sinh Ay
#[UR] = a[sin)\]- ey (15)

= _ in\y inh Ay
51U = o (12T - 5 [T 9

|50 - [{s1Ten)” + {JIU(xn}z]i (159

From Equations (6) and (7), it is readily shown that the absolute value of A2 is:

[a2] = a2 442 =22 (15h)

10



Finally, from Equations (13a) and (18h) the absolute value of U(x) is

L2c(o

) -
U(x)] = W)
|x| 2E1N ol

Equation (15i) defines the magnitude and the spanwise distribution of deflection along the beam.

(15i)

In order to

simplify the theoretical results of a structural analysis, it is common practice to determine the mean-square

value of the space-average response.

beam is:

1]

Juca|’

mean-square space~-average deflection of beam
L2¢(0)
f el [ ]
2EIA
— 2 . .
|U(x)| = space-average of normalized deflection of beam

1
= [ ot
0

{001} +

[geal”

i

{s10001}" - ax

o\‘_

From Equations (15a-i), the mean-square space-average deflection of the

(15))

1
_ sin Ayl sinh Ay sin Ay .
zfta[sin)\] ‘a[sinh)\} +J[ sin A
0

f (=P« fo[ag])] - o=

(sinh 23) _ (sin 2(1) (sinh 2oz) _ <sin 26)
283 2a + 2a 28
cosh 28 -cos 2 cosh 2a- cos 28

(sinh 2a- sin 23>+ (sinh 2a+ sin 23)

1 a+ B a- 8
"2 cosh 2a-cos 28
(sinh 28 - sin 201) . (sinhZ B +sin 2cz)
R s a=b
2 cosh2 B - cos 2
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For the special case of zero-damping for which 8= 8 =0 and A=Ay = a, Equation (15k) reduces to:

in 2 « sinh 2
o fisge) e (2
Pl = 2g il - (st
50 1=-cos2a cosh2 a- 1

Equation (151) can be verified by direct integration of the square of Equation (13b) for A = @ = real quantity.

The root-mean-square value of the space-average deflection (normalized) of the beam is:

IU(x)’ = rms space-average of normalized deflection

—13
= [ IU(x)l’] (15m)

Resonance frequencies of the damped beam may be defined as those frequencies for which IU(x)I is a maximum;

and it is expected that these frequencies will vary with the damping factor 6. From Equations (6c), (7e,f),

(17b) and (18), it is seen that IU(X)I is a complex function of frequency and damping; and hence maximum
values of W are most easily obtained by numerical or graphical techniques. As an example, I_G(T)l- is
shown in Figure 4 as a function of a for three different values of 8, namely § =0.10, 0.50 and 1.00. Here,
@ is used as a frequency parameter, which by Equations (6c, e} and (7e), is related to w through the following

relationship:

1 _ 22
[|+82]%coszq; \/7[1+82]%+[1+\/1+82]J"

o(8) = (16b)

=1.0 for §=0

= 0.9975 for =0.10
= 0.9459 for =0.50
= 0.9040 for’ =1.00

Figure 4 shows that as § — 0, the resonance values of @ — mn, m=1,2,3, ... . Thisis in agreement with
Equation (13¢) since @ —~ A, as §— 0. As damping increases, the resonance values of @ decrease slightly
but remain approximately equal to m v, The curves in Figure 4 show that the space average deflection decreases
with increasing damping and generally decreases with increasing frequency. Furthermore, as frequency
increases, resonant response peaks become less dominant; and for any given value of &, there exists a frequency
which is sufficiently large so that the resonant pecks essentially disappear. This effect results from the fact that,
as shown in Equation (6d), the damping c increases with frequency for a constant value of §. Curves similar to
those shown in Figure 4 have been developed by Snowdon for beams with other boundary conditions; and these

are reported in Reference 4.

Using Equations (16), two numerical examples are constructed which show the spanwise distributions of |U(x)|
at two different frequencies. The excitation frequencies are chosen fo be approximately equal to the undamped
resonance frequencies of the first and third modes of the beam. Specifically the excitation frequencies ore

selected by setting @ = 7 and @ = 3x. The value of damping is chosen as § =1.0. Numerical values of the

12



various parameters used in these two examples are listed in Table 1. The distributions of |U(x)| and of its real
and imaginary components are shown graphically in Figure 5 for & = x (first mode) and in Figure é for & = 3n
(third mode). It is seen in Figure 5 that lU(x)l is approximately equal to & [-sin) ¥/sin A], and that the
distribution of |U(x)l is approximately equal to that for the fundamental mode of an undamped beam, namely,

a half-cycle sine wave. Thus, even for the relatively large damping factor of 6 = 1.0, the deflection distribu~
tion is not significantly altered by damping. Conversely, Figure 6 shows that a significant decay of vibration
amplitudes occurs along the beam for the third mode. It should be noted that |L_I(x)| represents the envelope of
the maximum positive deflection (normalized) of the beam and that this maximum deflection is achieved at
different times for different points along the span. Thus, lU(x)l does not represent o mode shape for the beam.

The root-mean=-square value of the space average deflection is shown for both modes in Figures 5 and 6.

For excitation frequencies w >> wy, and for § >0, Equation (bc) shows that Ay >> 1, and Equations (7e) and (7F)
show that @ >> 1 and 8 >> 1. In this case, the first term in the numerators and denominators of each of the four

Equations (15a-d) dominate the second term, except at X =1.0. Furthermore, the sinh ( ) and cosh ( )

)

functions can be opproximated by (1/2) e* ’; and hence, it can be shown that

O6a| = ™% [:-2e""‘"’)*cos(a-ﬁ);+e—2(a~a)§]%

= e
=0 at x=0 w D> W (7
ée-B; at %=1.0

Equation (17), for which beam boundary conditions are only approximately satisfied, shows directly how the
vibration amplitudes decay with distance from the point of excitation, for high frequency excitation. This

decay is controlled by the factor exp (~ 8 ).

Infinite Series Equation for Response

The general solution of Equation (5b) can be developed in an infinite series of modal responses by assuming

the solution:

@
UG = Z] Ay, ¢, (18)
=

where q is the complex response amplitude of the m-th mode and q>m(i) is the mode shape defined by

Equation (13d). Substituting Equation (18) into Equation (5b) and collecting terms gives
- 4
N _ F
Z, [(EL‘) - (1) ] 2,0 9, = (19)
m=

The mode shapes ¢m(i) satisfy the orthogonality condition

1
f ¢m()'<) ¢r(>'<) dx =1/2 if m=r
0

=0 if m#r (20)

13



Thus, multiplying both sides of Equation (19) by qpm(i), integrating term-by-term, and invoking the orthogonality

condition of Equation (20) leads to the following expression for U’

1
f FO) * 9,,(%) 9%
[¢]

"l - )]

[

G =

m

(2n

The integral in Equation (21) represents the generalized force for the m-th mode; and using Equations (2a,b) and

(13d), this integral can be expressed algebraically as follows:

mw mnu€

! 2 F cos mu X,
fF(x) . @m(i) dx [sm EXE _cosm 1?}
0

= .ZFJ BT cosmn X for e
3 L2 0

C(xg) Ezl cos mw X,

cO mu/LP for x,=0

The above integral could also be evaluated by using Equations (2c-e) as follows:

i L
fF(x) ¢ (%) d% = - %91/1%:‘—) sin (mw%) dx
0 0

L
- mnC(O)_ f 8(x) sin (m= X) dx
0

L2 (mwx)

_ mua C(0) lim [sin (m nx!]
L2 X0 (mwx)

ma C(0)
L2

Now, substituting Equation (22e) into Equation (21), and using Equations (6a) and (13c), the expression for

, reduces to the form:

- 2L2c(0) H(u_) e-ie(u/um)

™ mwlEl \Ym

14

(220)

(22b)

(22c)

(22d)

(22¢)

(23)



R

H(u/um) = single degree of freedom dynomic magnification factor for the m-th mode

[l e ]

“1 - (;""_n)zr +2t ) (T:)z] @246)

B(u/um) = phase angle for m~th mode
6 (w/w )2
= tan”™! [——— (24c)
1= (/)
28 (w/w )
= tan”! -—m—Lz (24d)
1- (i)
Cm = ratio of actual damping to critical domping for the n-th mode
=w8/20, =c/2pu, (See Equation (6d)) (24e)

If the modal analysis is to be consistent with the exact analysis described in Section 2.2, then & must have the
same volue for all beam modes, although this value of & may vary with w. From Equotion (6d), this condition
implies that c is the same for all modes vibrating at frequency w. Thus, Equations (24a) and (24¢) are desired

forms of H(w/w,) and B(w/w,,) when comparing results of the exact and modal analyses.

In many dynamic analyses, such as those described in Reference {( )}, constant percentage bandwidths are often
assumed for the various modes; and in this case, §m has the same value for all modes, which from Equation (24e)
implies that ¢ increases with Wy In the latter case, Equations (24b) and (24d) with §m = L = constant are the
appropriate forms of H(w/tm) and e(u/wm) . In the numerical examples discussed at the end of this section, a

comparison is mode between responses computed for both types of damping.

It is interesting to note that the maximum values of H(u/um) and the corresponding damped resonance frequencies

for the two different types of damping are:
Max Hiu/u,) = Y/1+5%/8 ot afoy = 1/y1+8 (250)
=1/26 18 ot wp, = V1-28 (25b)

From Equation (18), the absolute value of the deflection is:

273

@ 2 @
Jueo] :4:‘1 ®@,) ¢m(i>: + {m; #@,) ¢m("<)}

MS

[ee]
: ; {#(a,) Bla) + $a) 93D} 9, () 0,

m
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The real and imaginary parts of q,, can be obtained from Equation (23), and are:

_ 2% ¢ w 7
®R(q) prrcr H (—°m) cos 8/, (270)
_ 2% ¢ o\
@) " (—“m) sin 8(w/b) @7b)

Substituting Equations (27) into Equations (26) gives

ol + 240 | 55 5 ST ().

m=1 r=1 (mmn) (r'n)a
o cos [B/ug) -08W/A)] (28)

It is convenient now to write Equation (28) in a form similar to Equation (15i), namely:

2
uea] = =9 5eo
0
[0} @ %
[06a | = A, Z] El Brl) & (%) ¢ () (29b)
m=1 r=
A =4 )\:/aa = 4/a cos? ¥ (29¢)
3 3 @ " :
8@ = (75) () H(;;) ‘H (w—r> + cos [8(u /i) - 8 (0/u)] (294)

From Equations {6c) and (13a), the frequency ratio u/um s

o | Og/mu)?
—_—= (2%e)
¢ (148212
Space average responses are often used to define the response level of a structure because this provides a single
value which is independent of location on the structure and because it is more easily computed. Using

Equations (20 and (29b), such a space average is:

1 3
f |U(x)|2 dx
0

[T

(29%)

||
—
|
Ms
3
3’\
€
—_—
o
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It is of interest now to compare the modal analysis method developed above with the exact method of analysis
developed in Section 2.2. This comparison is made by using Equations (29) to compute |_U(x)| for the third
mode of the beam for which @ = 3w and §=1.0, and comparing this |l_J(x)| with that shown in Figure 5.
Based on the numerical values of parameters listed in Table 1, the quantities A; and w/up, defined by

Equations (29¢,e) become:

A, = 4/(3x) (0.98079) = 0.442
(30)
o/, = 0.873 (3/m)?2

Table 2 contains a list of numerical values of w/, Hw/ ), (a/mm)® Hw/wy,), 8/oy) for the modes
m =1-6. Note that for modes m > 6, H(u/um) % 1.0 and 8w/} = 0. Table 3 contains a list of values of

B g for m = 1-6 and r = 1-6, where it is to be noted that 8, = 8.

Numerical values of lU(x)l were computed using five, ten and thirty modes of the beam; and these values are
listed in Table 4 along with comparable values obtained from the exact analysis of the beam. Here, reference is
made to those cases for which § =1.0. Table 4 shows that values of IL—J(x)l for thirty modes (m = 1-30) are
within 0.5 percent of those obtained by the exact cnalysis method, which implies excellent agreement.” When
ten modes are used, the maximum error in the modal analysis is only 2 percent. A graphical comparison of the
exact values of IU(x)I with those for only five (m = 1-5) modes of the beam is shown in Figure 7; and here it is

seen that a five mode approximation gives reasonably accurate values of IU(x)l .

The exact analysis of the beam as developed in Section 2.2 implies that the damping factor & is constant for all
modes of the beam; and this assumption leads to the modal dynamic magnification factor and phase angle as
defined by Equations (24a) and (24c). These expressions were used in the modal analysis for the cases when

8 =1.0. The deflection distribution llj(x)l was also computed for 28 = 1.0 and for thirty modes of the beam,
and the results are listed in Table 4 and ore shown grophically in Figure 8. It is seen that a constant value of §
for all modes leads to values of |L—J(x)| which are approximately the same as values for a constant §, except at
certain points along the span. The general rate of decay of vibration levels along the beam is approximately

the same for both forms of damping.

The main conclusion to be drawn from the above numerical evaluations is that the modal analysis method is
capable of accurately predicting the spatial decay of vibration levels olong a damped structure such as a beam.
This is possible only when terms in Equation (29b) for which m # r are included in the computations. Those terms
for which m = r (self-terms) are pols.itive at all points along the span of the beam, whereas the terms for which

m # ¢ (cross-terms) may be negative along the span. All significant terms in this series tend to be positive and
to add in the neighborhood of the source of excitation, which for the beam under discussion is in the neighbor~
hood of X =0. However, at some distance along the span, most of the cross~terms are negative and subract from
the self-terms, and thus lead to a lower response leve! at some distance from the source of excitation. The con~
tirbutions of six of thé major terms in the series are shown in Figure 9, three terms being self-terms and the other
three being cross-terms. It is seen that the cross-terms are quite large and hence they are significant to the

computations of response.
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3.0

3.1

ANALYSIS METHODS

This section presents and discusses the various components of the methods used for analyzing the responses of
shell and plate structures to fluctuating pressure fields. These components of the modal analysis method comprise
structural configurations, mode shapes, resonance frequencies, fluctuating pressure environments, coincidence
conditions, and associated response equations. A secfion on approximation forms of the response equations is
also included. The statistical energy analysis method extensively utilized by other researchers and presented in

the literature (References 14~17) is summarized herein.

Structural Configurations

The following all-aluminum structures are considered:

® Uniform cylindrical shell equivalent of Spacecraft Lunar Module Adaptor (SLA) segment of
Apollo Spacecraft. (The shell wall is 1,70 in. thick honeycomb with 0.015 in. and 0.032 in.

face sheets ~ References 1 and 2.)

® Several shells similar in all structural details to cylindrical equivalent of SLA except for

changes in one or two structural parameters such as radius, stiffness or mass.
® Republic Cylinder No. 12, which is a relatively small shell with homogeneous wall (Reference 11).

® Two uniform cylindrical shells with homogeneous walls which have dimensions similar to, but
different from, those of Republic Cylinder No. 12. (These shells, and stiffened versions of

these shells are presently being used in impedance experiments ot Wyle Laboratories.)

® A flat rectangular panel (9-bay panel) with orthogonal stiffeners uniformly spaced so as to

consist of 9 equal sized uniform rectangular plates.

® Two thin rectangular plates of equal size, except for thickness, one of which is a typical

(center) plate segment of the above 9-bay panel.
® Several flat plate sections of the above uniform cylinders.

For purposes of analytical simplicity, it is assumed that the two circular edges of each of the cylindrical shells,
and the four straight edges of each rectangular panel (or plate) are tangentially pinned. A summary of the
dimensions, stiffnesses, masses and damping factors used for these structures are summarized in Tables 6 and 7.

Symbols appearing in these tables are defined below:

L, = axial length of cylindrical shell or rectangular plate
Ly = lateral width of rectangular plate

R = shell rodius

D = jsotropic bending stiffness of shell wall

Dy, D, = orthotropic bending stiffnesses of rectangular plate along the (x,y)-axes, respectively.
(For isotropic plates, Dy = Dy = isotropic bending stiffness.)
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3.2

Ke = extensional (membrane) stiffness of shell wall.

= (average) weight per unit area of shell or plate.

v
©
i

2]
i

dynamic magnification factor at resonance. (It is assumed that Q is the same for all

modes of a given plate or shell.)

1/28, where { is the ratio of actual damping to critical damping (£ = 1.0 for critical
damping) .

Tables 6 and 7 also contain summaries of the types of excitation fields employed for each structure; and the
corresponding figure number refers to the figure containing a graph of the comparable acceleration spectrum.

Brief descriptions of the various excitation fields used are presented in Section 3.4.

Mode Shaees

In References 1 and 2, elementary sinusoidal mode shapes were assumed for the resonant deflection distributions
along the axis and around the circumference of the cylindrical shell. A single mode of vibration of the shell
involved both radial and circumferential deflections; and in the above references, the amplitude of the circum-
ferential deflection is assumed to be equal to the amplitude of the radial deflection. This assumption is valid for
the low order circumferential modes; however, the resulting generalized mass is too large for the higher order
circumferential modes. If the vibration characteristics of the shell are to approach those of a flat plate ot high
frequencies, the generalized mass of the cylinder must approach the generalized mass of a flat plate as the ring
mode number becomes large. This flat plate asymptote can be achieved by introducing the approximation given
by Forsberg on page 19 of Reference 18, namely, that the circumferential deflection of the (m,n)-mode is

(1/n) times the radial deflection of this mode. It follows that the mode shape equations in References 1 and 2

should be altered to the following form:

¢ I(x,y) = sin (mwX) - sin (2n7y)
mn Radial Modes 3n
¢mn2(x,y) =sin (mwX) * cos (2nn ¥)
q,mnl(x,y) = sin (m7wx) n=0
=%sin (mnx) - cos 2nny), n>1
> Circumferential Modes (32)
Yng oY) = 0 , n=0
=':‘—sin(m1n‘<) *sin(2nwy) , n>l

These equations imply that the omplitudes of the circumferential deflection components approach zero as n
increases. Thus, at high frequencies, only the radial deflection components are significant (for the particular
modes of interest in this report) so that the shell characteristics reduce to those of a flat plate. As discussed by
Weingarten in Reference 19, the mode shapes defined by Equations (31) and (32) are approximate and are valid
only for large values of n. However, the errors in the final response computations due to the assumption of
elementary modes is expected to be small. If the analysis in this report were fo be extended to computations of

internal loads and stresses near the edges of the shell, it would be necessary to refine the mode shape equations.
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3.3

The generalized mass, M

mi
£

i and the total mass, M, . of the shell as follows:

ni’ of the (mni)-mode of the shell is defined in terms of a generalized mass fraction,

mn

Mpni = &mni My = generalized mass of (mni)-mode

My = pA= total mass of shell
= mass per vnit area of shell wall
A = total surface area of shell wall

11
Enni = / f [‘szn;(x,y) + nv,:ni(x,y)] dx dy

%=0 y=0
=12, n=0
= [1+1/m?]/4, n>1 (33)

Resonance Frequencies and Modal Densities

The equation given in Reference 1 for the resonance frequency, frane ©f the (m,n)-mode of a pinned-end

cylindrical shell can be written in the following alternote form:

2
Fan )‘:1 2 f.2 2 :
il e mary G {)\m+n2-|} (34)
0 )\m +n
where
m = number of elastic half-waves along axis of shell
n = number of elastic full-waves around the circumference of shell

Ay = muR/Ly

g = [D/Ke]%/R for general shell

(h/R)/2 V 3(1-v?) for homogeneous shell

fo = resonance frequency of ring breathing mode (n = 8 = 0)

= [Kg/p] J"/21rR for general shell
=C./2nR for homogeneous shell
h = wall thickness for homogeneous shell

C = material speed of sound

v = Poisson's ratio.
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Equation (34) is used in the computer program which numerically evaluated the acceleration response spectra
presented in this report. Except for small values of m and n, the (~1) in the second term on the right-hand side

of Equation (34) can be neglected so that Equation (34) can be written in the following approximate form:

]

fmn. a'z ? 2 2\?
Gl | R IR ©
x = B\,

(36)
&

N

Following the approach used in Reference 14, contours of constant values of f_ /fy can be constructed in @

graph of Q"vs &, or VB Ap vs VB n. These contours can be found, for example, in Figure 14, Similar
contours are shown in Figures 15-27. The advantage in using such a graph is that the shapes and numerical
values of the contours are the same for all shells. Resonance frequencies of a given cylinder can be located on

the graph by numerically evaluating & and & for integer values of m and n.

The first term on the right-hand side of Equation (35) is associated with extensional (or membrane) deformations
of the shell while the second term is associated with bending of the shell wall. In general, low order modes of
the shell are of the membrane type, while high order modes are of the bending (plate) type . The division between
membrane and bending deformations of the shell occurs when the two terms in Equation (35) are equal. Equating

these two terms leads to Equation (36) which defines a circle of radius 1/2 centeredat &' = 1/2, ¥ =0.

2 2
1 2 _|1] .
[g‘ - —2-] + %% = [3:] Membrane-Bending Contour (37)
This circle is shown as a dotted line in Figure 13. Within the circle the shell modes are controlled by extension
while outside of this circle the modes are controlled by bending. It is easily shown that the f_/f, contours

have a zero slope on this circle.

The equation used for the resonance frequencies of a flat, rectangular plate with simply supported edges is:

w2 VT L) 2]

Frequency araphs similar to those for a cylindrical shell can also be developed for the flat plate.

The low frequency modes of a shell or plate are generally well separated in frequency space, and as a result,
response levels are govemned by the response levels of individual modes. At higher frequencies, the separations
between resonance frequencies may decrease to such an extent that modal bandwidths overlap thus leading to an
overall response which is greater than the responses of the individual contributing modes. In the latter case, the
overall (mean~square) response is proportional to modal density. A knowledge of the modal densities of the various
shells and plates analyzed in this section is helpful in the interpretation and understanding of their acceleration

spectra. Formulas for the approximate values of modal density are summarized below for cylindrical shells and

flat rectangular plates.

22



In Reference (16), Miller, et al., present two expressions for the approximate overall modal density of a
uniform, thin cylindrical shell with homogeneous wall of finite length. One of these expressions is valid in the
frequency range below ring resonance where the modal density is proportional to ‘/T; and the other expression
is valid In the frequency range above ring resonance where the modal density is constant and is equal to one-half
of theg modal density of an equivalent flat plate with the same surface area. These expressions are easily
generalized to include honeycomb and stiffened shell walls for which the stiffness distributions are assumed to be

uniform and isotropic. The resulting equations are summarized below:

A (f) = modal density of cylindrical shell
_9A [ 1% oneral Shall
BTN LI (General Shell (39)
f<fo
1- 2
= 9AB“ 3§CL v?) (Homogeneous Shell) . (40)
_A [ General Shell
=215 (General Shell) “n
fo <
—ul
= A 21(11 v (Homogeneous Shell) (42)

The above expressions show that modol density increases with increasing surface area and mass per unit area, and
decreases with increasing stiffnesses. Equivalently, if a given structure is altered in such a manner that resonance
frequencies are lowered /increased, then the modal density is increased/lowered. More exact integral equations
for modal densities of thin circular cylinders have been developed by Bolotin and these are discussed in Refer-
ence (16) along with comparisons between Bolotin's and Heckl's equations. It is sufficient to note here that
Heckl's equations underestimate the modal density by about 33 percent for f < fy; however, they are reasonably

accurate for f > 2 f, . At the ring frequency, Bolotin predicts a modal density of about 1.5 times that of Heckl .
Comparable equations for the modal density of a uniform, flat rectangular plate are:

A(f) = modal density of plate

= % [%]% (General Plate) (43)
= A :CIL- v) {Homogeneous Plate) (44)

Using Equations (39)-(44), modal density values were calculated and are summarized in Tables 6 and 7 for the
various shell and plate structures analyzed in this report. Note that because of their relatively small surface
areas, the flat panels have modal densities which are significantly lower than those of the cylindrical shells,

with the exception of the equivalent SLA panel.
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3.4

3.4.1

The frequency separation, 6f, between adjacent resonance frequencies, and the bandwidth, Af, of any mode

resonant at f, are:

8f = 1/ (f) = separation between resonance frequencies
(43)
Af = f/Q = modal bandwidth
Modal bandwidths overlap when Af > &f, or equivalently when the modal density satisfies the inequality:
A0 > Q/f (Modal Bandwidth Overlap) (46)

Fluctuating Pressure Environments

This section briefly describes the characteristics of various fluctuating pressure environments in terms of space
correlation functions. These functions are used in Appendices A and B to develop expressions for joint

acceptance.
Boundary Layer Turbulence

A discussion of the spatial correlation properties associated with corrected boundary layer turbulence is
presented in References 1 and 2, where experimental data are presented in support of the mathematical model
selected for the correlation functions. An additional reference which can be cited for a more detailed discussion

of this environment is Reference 3.

It is of interest here, however, to review the assumptions made in the treatment of this environment; and these

are summarized below:
® The fluctuating pressure field is statistically ergodic and stationary.
® The PSD of the fluctuating pressure field is uniform over the area of excitation.

® The field of turbulence is spatially homogeneous in directions paraliel and normal to the
flow axis so that the spatial correlations are dependent only on the distance between two

poinf§ .

® The convection velocity, U., and the boundary layer thickness are independent of

frequency and position on the structure.

® The narrow-band spatial correlation function is independent of time and can be expressed
as a product of longitudinal (along flow axis) and lateral (nomal to flow axis) correlation

functions.

® The low frequency correlation lengths are limited approximately to the thickness of the

boundary layer.

® The narrow-band longitudinal correlation function can be approximated by an exponentially
damped cosine function; and the narrow-band lateral correlation function can be approxi=

mated by an exponential function.
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3.4.2

The correlation functions are represented as follows:

C(E,'u) = exp [- &, |E|] s cosy, E = |ongitudinal correlation function

C(fiu) = exp [‘ Sy |'-'|'|] = {ateral correlation function
VT Lx/Uc

v, = Ly/Uc

§ =a 7x+be/&D

Sy =c 7y+dLy/8b

“a, b, ¢, d = constants that may be selected from a knowledge of the characteristics of the boundary

layer flow field.

Numerical values of U, &y, a, b, c, d used in References 1 and 2 for the analysis of the SLA are:

U, = 9810 in./sec = Mach 1
= 15,900 in./sec = Mach 2
8y = 12.0in.
a =0.10
b = 0.265
c =d=2.0

In the computer program, the constants a, b, c, d can be altered to represent various types of pressure fields.

From example, a =b =c =d =0 implies an acoustic progressive wave field along the x-axis.
Ducted Progressive Wave Field

The ducted progressive wave field consists of N independent plane wave fields that propagate at parallel
incidence along the length, L, of a cylindrical shell or rectangular plate. This field is formed within a

rigid shroud that completely covers the structurol surface and thot is internally baffled so as to creote o set of

N straight, parallel ducts which act as acoustic wave guides. The intermediate walls between adjacent ducts
are separated from the structural surface by a set of flexible seals that minimize acoustic leakage between
adjacent ducts and minimize structural constraints introduced by the shroud. The ducts have uniform widths

of 2x R/ N around the circumference of the shell, and LY/N across the width of a rectangular plate. Sketch 1
below shows a four (N = 4) duct system on a flat plate. Each duct is driven at one end by a broadband random
acoustic noise source and has an anechoic termination at the other end. The N acoustic noise sources are driven
by uncorrelated random signals in order to produce N uncorrelated progressive wave fields. In the analysis, it is
assumed that plane wave fronts exist in each duct. The acoustic field along the axis of any one duct is said to be
axially correlated if at any frequency the axial pressure distributions are sinusoidal. Due to various acoustic
phenomena in the ducts, these axial pressure distributions may not be sinusoidal, in which case axial correlation

lengths may be limited.
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Sketch 1. Flat Plate with Four-Duct Shroud

3.4.3 Reverberant Acoustic Field

The reverberant acoustic field is assumed to be an ideal diffuse field that is composed of plane waves which
impinge on the structural surface withan equal probability for all angles of incidence. In anideal reverberation
room, the narrow band space correlation function relative to any two points separated by a distance r is

[sin kr] /k ¢ where k = w/c, = acoustic wave number. The presence of the structure being analyzed is
assumed to have no influence on the impinging wave field, as for example, a small flat plate flush mounted

in a wall of the room.

For both flat and cylindrical surfaces, the narrow band space correlation functions are:

sink §

C-; = =
(€;w) :

CF;w) = sinky
kn
In Reference 20, Wenzel shows that the above equation for C(E;u) is quite accurate for a cylinder even when

scattering is considered. Because of scattering, the above equation for C(rj;w) introduces some errors for a

cylinder; however, the errors diminish with increasing frequency .

Reflections of the acoustic waves from the surface cause effective increases in surface pressures. At low
frequencies, the reflection factor on pressure level is unity, while at high frequencies this factor is 2.0. An

average value of ﬁ is used in the analysis.

3.5 Acoustic Coincidence Conditions

The modes of the shell which exhibit the greatest response levels for acoustic excitation at a single frequency f
are those modes whose resonance frequencies fmn = f and whose elastic wavelengths A, are equal to the acoustic
wave length \ . (This is equivalent to saying that the elastic wave speed of the shell is equal to the speed of
sound <, in air.) Such a condition is often referred to as acoustic coincidence; the frequencies at which the

condition occurs are called coincidence frequencies; and the modes satisfying this condition are called coincident
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modes. Those modes for which the coincidence condition is almost, but not exactly, satisfied are called near-

coincident modes.

Acoustic coincidences or near coincidences can occur along the axis of the shell or around the circumference,
or both. Frequencies associated with axial coincidence are denoted as fcm and those associated with circum~
ferential coincidence are denoted as f.n- Using the resonance frequency contour graph of & vs %, it is
possible to develop a simple graphical method for determining the frequencies f_ . If the ccoustic wavelength

is equal to the axial elastic wavelength, then one equation for f__ is:

fom = S0 /N =¢p/Nex =mey /2L, = V2§, Q‘/Q:}‘ (47
A = acoustic wavelength
A, =2 L, /m = elastic wavelength along shell oxis
c, = speed of sound in air
P = 482120 LF /1" =4K, D/R p2ct (48)
2/Cy\*
S (-E-) (C—L) for homogeneous shell.
301 -vY 0

Setting . = fnn @nd using Equations (35) and (47), a relationship between @ and # can be developed as
follows:
(a,z + gz)4 L _2x @+ 92)2 + &t =0
vy
(gz " gz)z - a;)? a-z
1 2 11
[ﬂ -7 a‘] + o’ =[§ Q‘o] Axial Coincidence Condition (49)

1 y1-2 :

3 = (50)
A graph of & as a function of & was developed from Equation (50) and is shown in Figure 10 for # <1.
Note that &, has two real values when # <1, =1 when #=1, and &, is complex when P> 1. Thus
for #< 1, Equation (49) shows that the axial coincidence condition appears onan &, & graph in the form
of two circles of radii &, /2 and centered at (X, ¥) = (&, /2, 0). When & =1, the two circles coalesce
to the circular membrane-bending contour defined by Equation (37). Pairs of contours are shown in Figure 11
for several values of 9. Note that these contours do not exist when 9 > 1 which implies that axial coincidence

conditions do not exist.

A similar procedure can be used to develop the circumferential coincidence contours shown in Figure 12. In

this case f__ is defined by the equation:
fcn=c°/)\=co/)\ey=nco/21rR= ¥, ¥ (51)

¥, =co/2%REy B (52)
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Now set f_ =f and use Equations (35) and (51) fo obtain the following relationship between & and ¥:
@29t - y2(@ o)yl at @) i at=0 (53)

The contours defined by Equation (53) were obtained by use of a digital computer for several values of the
parameter &, ; and these contours are shown in Figure 12. Note that there is only one contour for each value

of & ;and ¥ = 90 when &' =0.

Acoustically fast (AF) modes are defined as those modes for which the elastic wave speed in the shell is greater
than the speed of sound, when the excitation frequency is equal to the resonance frequency. The opposite is true
for acoustically slow (AS) modes. This implies that A <A for (AF)-modes and A < A for (AS)-modes. The
coincidence, or resonance frequencies of modes which are (AF) or (AS) along the x-axis or along the y-axis can

be found from the following inequalities: (see Equations (47) and (51))

fom/fo =co/fg AN>co/fy Ay = V2 Q’/.?zlI (AF),-modes

fon/fo =co/fo N > ¢/ fy )‘ey =3 ¥ ’ (AF) _-modes 54
1

fem/fy =co/fo N<co/fy Ngye = V2 &/PF (AS) ,-modes

fcn/FO =co/fy N < co/ )‘ey =¥ ¥ (AS),,-modes

The regions of (AF) and (AS)-modes can be determined most easily by means of an example. Figure 13 contains
a pair of axial coincidence contours for 2= 0.6, a circumferential coincidence contour for %, =1.8, and the
membrane-bending contour. Now the fmn/fo contours {not shown on this graph) have a zero slope on the
membrane-bending contour; and as a result, the double arrows shown on the three coincidence contours in
Figure 13 are approximately tangent to the corresponding f - /f; contours which intersect the coincidence
contours at the locations of the arrows. Then if f__ /f or . /fy is held constant and & or & varied in
Equations (54) the regions in which the inequalities hold become obvious. (AF) -modes exist within the inner
P =0.6circle; (AS)m-modes exist between the pair of #=0.60 contours; (AF) -modes exist outside of the
outer & = 0.6 contour; (AS)n-modes exist below the 3!0 = 1.8 contour; and (AF) -modes exist above the

%, = 1.8 contour. These regions are identified in Figure 13. Note that if & >1.0 all of the shell modes are
(AF) -modes. The (&, ¥)-space in Figure 13 can be divided into the followiné four regions based on the types

of modes within the region:

Region 1 — (AS), (AS),
Region 2 — (AS)m, (AF)n
Region 3 — (AF)m, (AS)n
Region 4 — (AF)m, (AF),

Since (AS)-modes have lower response levels than (AF) modes, it is expected that modes in Region 1 can be

neglected relative to modes in Region 4.
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Another method for identifying modes which are (AF) or (AS) is to- construct contours of constant values of n in

a graph of f . vs m, and contours of constant values of m in a graph of f . vs n. Examples of such graphs (drawn
by the computer) are shown in Figures 28 and 29 for the SLA. Also plotted on these graphs are the coincidence
curves defined by Equations (47) and (51). In both Figures '28 and 29, (AF) modes lie above the coincidence curves

while (AS) modes lie below the curves.

Response Equations

The equation used to compute the space-average acceleration response spectrum is derived in Reference 1. This

equation is presented below for convenience:

v x [e=] f
s[04 1 3 3 2( mn) 2 n 2
sIUA 1 B\ -ik® i ® (55)
S[P;f] (vg)? m=1 n=0 ™ f m n
S[Uif] = space-average power spectral density of acceleration; g2/ Hz
S[P;f] = pressure power spectral density; (psi)?/Hz
Y] = weight per unit area of surface of she]l or plate; (lb/in?)
8 = 2, m=1,2,3, ...; n=0

mn 2 : Cylindrical Shell

= 4n*/(1+n?)", m=1,2,3, .. ; n=1,2,3, ...

= 4, m=1,2,3, ...; n=1,2,3, ... Plate

=
—
-
-v.IS
3
——
I

= single degree of freedom dynomic magnification factor for acceleration response of the

(m,n)-mode
£\ 2 £ \2 -3
mn 1 mn
= {( f)' ": +_7(f )
Q
j:‘(f) = joint acceptance for mth mode
j:(f) = joint acceptance for nth mode.

Note that the above equation for B o, has been altered to reflect the changes in mode shope as discussed in
Section 3.2. Equation (55) may be used for estimating the response of a plate or cylindrical shell, Assumptions

inherent in Equation (55) include:

® Mode shapes can be expressed os products of modes along the principal axes of the plate

or shell.

® Space-correlation functions for the fluctuating pressure fields can be expressed as products

of space-correlation functions along the two principal axes of the plote or shell,

® Mode shapes of the plate or shell are orthogonal with respect to the mass, stiffness and damping

distributions of the structure; and this condition is valid if the structure is uniform.
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This equation treats each mode of the structure as a single degree of freedom system whose response is independent
of the responses of all other modes. The total mean~square response of the structure is then equal to the sum of the

ensemble of mean-square responses of all of the structural modes.

The influence of cross-correlations between the responses of any pair of modes is automatically deleted by space
averaging the response. Thus, Equation (55) contains no cross-product terms associated with two different modes.
The influence of modal cross-correlations in response is demonstrated in Section 2 for a pinned beam, There it is
seen that these cross-correlations describe the variation of response from the space average, and such variations
are expected to be important for structures with localized excitations. In the latter case, response levels are
expected to be high near the source of excitation and to decrease with increasing distance from the source. As
a result, Equation (55) cannot be used to show this dissipation effect with distance and must be used with care
when localized excitations are employed. When the plate or shell is well coupled, the space average response
level should be approximately proportional to the area of excitation. This is shown by the joint acceptance

equation for localized excitation discussed in Appendices A and B. These joint acceptances might be written as:

2
it = (%5) 92

X

2
(] 2

i)

where Ax and Ay are the length and width of a rectangular area over which the excitation is applied. Substituting

this equation into Equation (55) gives:

o (A/A? & 2 f :
S[Uf] _ e’ 2 ( mn) 2\ 2
= B HE\—/]J J:- (W)
SlPw]l (ug)? mE:] :‘::o o 7 ) dnte (539
Ag = Ax Ay = excitation area
A =

L, Ly = total area of structure .
The joint acceptance J:1 (w) and J: (w) are relatively insensitive to Ax and Ay.

If a localized excitation is to be used, responses should be computed by two methods. First, Equation (55) can
be used to give a reasonably good estimate of the average response of the unforced portion of the structure.
Secondly, the response of only the forcéd portion of the structure should be computed to give an upper bound
on the localized response levels. Actual response levels neor the source will be fower than those computed in
the second calculation, while response levels far from the source should be higher than those predicted by the
first calculation. A single example of this method is presented in Figures 117 and 118 and is discussed in

Section 4.3.
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3.7

Approximations of the Response Excitation

Special cases are often encountered in which the series response equation, Equation (55), can be simplified by
means of various approximations. The resulting equation may be a relatively simple closed form expression for
response; or several equations may result that indicate o simple arithmetic procedure by which the responses can
be computed. These special cases are generally associated with the low frequency range where modes are well
separated in frequency space, higher frequency ranges in which only certain types of modes dominate the
response, and very high frequency ranges in which a large number of closely spaced modes respond with approxi-
mately the same amplitude. Several of these approximations are developed below and are validated by means

of examples. Approximations of the type discussed here have also been made by other investigators and can be

found in the literature.

An obvious simplification of Equation (55) can be introduced ot low frequencies where modal bandwidths are
relatively small and where resonance frequencies are sufficiently well separated to ensure that modal bandwidths
do not overlap. In this frequency range, the response is dominated by a set of distinct resonance response peaks
each of which is due to the response of a single mode; and in this case the peak amplitudes can be calculated by
using a single term in Equation (55). The first few response peaks of most of the acceleration spectra shown in
Figures 37-118 are of this type. In several of these graphs, the peaks are identified by mode numbers (m,n).

For most structures, the modes tend to coalesce at higher frequencies due to increases in modal bandwidths,
modal densities and the number of modes excited; however, Figure 65 shows an example of a thin flat plate whose
response fo a progressive acoustic wave is distinctly modal over a two and one-half decade frequency range;

that is, the entire spectrum could have been calculated by using a single term in Equation (55) at each of the
response peaks. In this example, the modal density is constant with a 10 Hz average separation between modes,
the damping is relatively light with Q = 30, and the progressive acoustic wave field is rather selective in the
types of modes excited. As an example of how Equation (55) can be used to calculate individual response peaks,

a sample calculation is given below for the (1,1)-mode of the plate whose response is shown in Figure 65:

L, = 24.0in. = length along propagation axis

Ly = 16.0 in. = width normal to propagation axis
h = 0.10in. = plate thickness

pg = 0.01 lb/in? = weight per unit area

p = 2.58-107° Ib-secz/in? = mass per unit area
D = 956.0 Ib-in. = plate bending stiffness

Q = 30 = resonant dynamic mognification factor
m = n =1 = mode numbers

fon = /2 [D/WE - /L)% + (0/L)7]
= 149.0 [(m/3)2 + (n/2)?]
= 55.5 Hz for (1,1)-mode

¢, = 13,440in, /sec = speed of sound in air
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v, = 2ufl, /ey = 2nfyL, /e, =0.198%

1-(-HMcosy
X =0.399 form=1

=2
" mw? -Gy /ma ]

i@ = 2w’ =0.406
2 - A2 = —f =
H (fmn/f) = Q% =900 for f =f=555Hz

B, = 4.0 for rectangular plate with n =1

. 2 .2 .
S [Usfyr 1 i B H (Fn /D)« i@ -J:(u) - 5.84 - 106 g?
S [Py ] (e’ (psi)”

amplitude of first peak in Figure 65.

The amplitudes of all of the other modes in Figure 65 can be calculated with the above equations. A similar
procedure, but with different equations for fmn’ jrf‘(u) and j: (w), can be followed to calculate discrete

resonant response levels for the other acceleration spectra.

For constant Q modes, an increase in frequency f leads to an increase in modal bandwidths, Af =f/Q. When
the modal density, J(f), is relatively high, and the frequency~separation between modes is correspondingly
low, the modal bandwidths may increase to such an extent that modal bandwidths overlap. In this case, the

number, N, of modes having resonance frequencies within the bandwidth Af centered at f is:

N = number of modes within bcndwiafh Af

AP (D) = AO/Q _ _ (56)

If all of these N modes have approximately the same response level, then the total mean-square response is
approximately N times the response of any one of the modes. Equation (55) can be simplified to reflect this

2
condition by assuming that Hz(fmn/f) = Q?, ond that 8, j W) and j: (w) are the same for all N modes, so

that:

s{U:f] Bnc Q% rii@ il
S[P;fl 2
(na)

Bn-Q fril@ -l - A
- : (57
(b9

Using slightly different assumptions, it is possible to develop another approximate response equation which differs
by only a constant (n/2) from Equation (57). As before let '3, j:, (w) and J: (w) be the same for all modes having
resonance frequencies in the neighborhood of f; however, assume that the modes are uniformly spaced about f

with separation distance A fp,, = [A(f)] = It follows from Equation (55) that:
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(pg)2

B Q@ f-jlw) il - HD
=%- n m“ Jnu (58)

(no)?

In order to apply Equation (57) or (58), it is necessary to determine values of j:, () ond j: (w) appropriate to the
excitation frequency f and the particular form of excitation under consideration. Two special cases are considered
below for flat plate response to progressive wave and reverberant excitation. Since & cylindrical shell has the
same vibration characteristics as an equivalent flat plate above the ring frequency, the specicl cases discussed

below are also applicable to high frequency shell vibrations.

Consider a rectangular flet plate with a plane acoustic wave field propagating along the x-axis at parallel
incidence. Since the waves have a unit correlation along the y-axis, j:(u) = (2/n1r)2 . I addition assume that
the excitation frequency f is less than the infinite plate coincidence frequency fg, = c°2 [w/D ]%/2 *, and also
that there exists a mode (m,n) which is coincident along the x-axis. The coincident mode number m =21, f/cq,
and the corresponding value of the joint acceptonce j:‘ (W) =0.25if m > 1. From the equation for the resonance

frequency of a flat rectangular plate, setting f, = =f leads to the following value of n?:
2. 2[2 ‘/t ()
" Ly ["' D F (Lx) ]
2B (2
L D [
2
() [-6E)] e
Yy \cq f ®

Since the structure is o flat plate, 8, =4 and A(f) =L, Ly [u/D ]&/2 ==l Ly fm/co2 . It follows that

Equation (58) can be reduced to the following approximate equation for response:

-
X »

|
-

SL0) Q@
SIPAL 21 (u)? [1- (F/f)]

f<fy (59)

Although many assumptions are involved in the development of Equation (59), this expression provides a
reasonable order-of-magnitude estimate of the response and provides an indication of the average shape of the
acceleration spectrum. First it is interesting to note that at frequencies f << f ¢ the acceleration spectrum is
independent of frequency; and this effect can be seen in Figures 64 and 7. In Figure 64, the coincidence

frequency f, occurs at 15,900 Hz and is not shown on the graph, but the spectrum below 10,000 Hz is quite
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flat. The coincidence frequency, f,, in Figure 62 occurs at 322 Hz, and the increase in response ct this frequency
is predicted by Equation (59) as well as the relatively flat spectrum below coincidence. (Note that Equation (59)
is not applicable for the low order resonances.) As listed in Table 7, the surface weights for these two flat plates

are pg = 0.0032, 0.0139 lb/in?, respectively.

Substituting these values into Equation (59) along with appropriate values of L, Ly’ Q shown in the figure titles,

the computed average responses are:

s[Uf] . 2.25-10%

= ., Figure 64
S [P []_ﬁ] igure

. 2.08-10*
R
[ oz

These approximations are close to those obtained by more complicated analyses. It is interesting to note that

Figure 67

if Equation (59) is used to estimate the acceleration spectrum in Figure 65, the estimate is 2.19 - 10¢/[1-£/5000],
which is much greater than the accurately computed spectrum. This is expected since this spectrum consists
essentially of the responses of individual modes. Finally, it should be noted that Equation (59) is merely an
extension of mass law, S [U,f]/S[P;f] =1/(u g)2 , in that it corrects for the plate aspect ratio, damping, and

the existence of a coincidence frequency; and in a sense, it is the applicable mass law at frequencies below

coincidence.

The second special case of interest concerns the response of a flat plate or cylindrical shell to reverberant
excitation above coincidence. Reference 1 shows that above coincidence the joint acceptances "rzn (w) and

.2 I
ig (w) for a reverberant acoustic field are:

.2
Jm(U) Co/‘“—xf

.2
in W) =co/4 Lyf

2
Using these expressions along with Bn =4, #(H)= L, L), fw/c_o , and including a factor of 2.0 to account

for surface reflections, Equation (58) becomes:

SIUf] . .2 q (fm)

== — |- f_<f : (60)
S[P;f 4 f '»

[Fit] ro’
Equation (60) predicts an f~1 roll-off of response for f > f s and this can be seen in all of the Figures 68-90 with
the exceptions of Figures 80 and 81 for which f__ lies off the graph. In several figures, such as Figure 82, Equa-
tion (60) was used to fill in the high frequency portion of the acceleration spectrum which could not ecsily be
obtained by the digital computer. Numerical evaluations of Equation (60) for any of the reverberant responses

shows that this equation is an accurate approximation,
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3.8 Statistical Energy Anélysis of the Reverberant Response of Cylinders -

A method which can be used to predict the response of structures to an external excitation is offered by the
statistical energy analysis (Referénces- 14 and 15). This method is based on the fact that the time average power
flow between two simple oscillators, linearly coupled and excited by a wide-band excitation, is proportional to
the difference in their time-average. total energy, the power flow being always from the oscillator of higher

energy to that of lower energy. This principle can be expressed by the following equation.
<P = &, [CE)> - <ED]

where
{Pp> = time average power flow from oscillator 1 to oscillator 2
<E;> = time average total energy of oscillator 1
{E;> = time average total energy of oscillator 2

®, = coupling factor between the two oscillators. An expression for this factor can be found by

using the admittance concept (Reference 15).

This principle can be extended to two vibrating systems, A and B, for which the time average power transferred

from A to B can be written in the following form:

EA s

PAB= ¢AB.NA'NB WA-WB (1)
where

b,p = average mode-to-mode coupling factor between the two subsystems

E, = average total energy of subsystem A

E; = average total energy of subsystem B

Ny = number of modes in subsystem A

Np = number of modes in subsystem B.

The above expression is valid when the subsystems satisfy one of the following conditions (which is most cases

are approximately satisfied): (see Reference 15)
a. The coupling factors between modes are all equal.
b. Modes within the same subsystem have the same time-average total energy.

c. The time-average total energy of a mode is independent of its coupling to any particular

mode in the other subsystem.

When a multimodal system is excited in a band of frequencies, its modes con be divided into resonant and non-

resonant modes within the band and each of these groups can be divided into groups of modes which satisfy one
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of the above mentioned conditions. Then, Equation (61) can be applied among the resonant groups. The energy
transmission befween nonresonant modes and between resonant and nonresonant modes cannot be predicted by the
statistical energy analysis and, usually, it is calculated by using classical vibrational analysis. Equation (61)

can be written in the following fashion:

P..=wn,an [—E-é - E]
AB AB "A [N ng
where
© = center frequency of the excitation band
Mg = q’AB NB/u = coupling loss factor
N = average modal density of system A over a band of frequency A; it is defined as:

 NAGHA/D) =Ny (- A/2)
A A

n

NA(f) = average number of modes with resonance frequencies below f

ng = average modal density of system B.

Now, a power balance equation can be written for each vibrating system. These equations will state that the
summation of the power received from other systems, the power given to other systems and the power dissipatéd
must be equal to zero in steady state conditions. For example, the power-balance equation for the nth system

of a series has the following form:

E E E E

n n+] n n-1 NR NR  _
“N,nl M l:n_n "n+]] TN, -1 [H nn_]]+“’ nn Byt Pn,n—l * Pn,r_ﬂ-l =0 (62)

where
wn En = power dissipated
n, = dissipating loss factor

NR

an
n,n-1

P apNR
n

nt] O the power transmitted through nonresonant modes.
7

If equations similar to Equation (62) are wiitten for each vibrating system of the series, a set of linear equations
is obtained. This set can be solved for the energy of the resonant medal group in terms of the coupling and
dissipating loss factors, modal densities and power transmitted from nonresonant modal groups. Finally, the
response of the vibrating systems can be predicted in the form of power spectral denmsity. In fact, the PSDs of an

acoustic field and of a structural system are given in term of the average energy by the following relations:
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S0 =Vz
2
S0 = WA

Equation (63) gives the sound pressure level spectral density SP(F) (which is a function of frequency, f) in

terms of the average energy, E, within a band of frequency A, the density of the medium, g, the speed of

(63)

(69

sound, c,, the volume, V, and the band of frequency A. Equation (64) gives the acceleration spectral density

of a structural system S_(f), in terms of the average energy, E, the mass; M, the band center frequency, v,

and the band of frequency A.

In the case of a cylinder excited by a reverberant acoustic field, the following expression can be derived to

predict the response:

S _ "G [ "24F,1 "2AF . M2as,1 "2As ][] . Sﬁ][
Sor  APPy [ Zoar,1 T Noar  PMoas,1 T Naas i
where
Sz = acceleration spectral density
Sp| = sound pressure spectral density
Ser o D2as,) "2as TMiag1 "2aFFMate
3 3 (= noise reduction)
P N2as,1"2As . _"24F,1 "2AF
M2a5,1 " N2as  2M2aF,1 *2aF
¢y = speed of sound in air
py = mass density of air
A = surface area of cylinder
P, = surface mass density of cylinder
g = gravity acceleration
NoAF" modal density of the resonant acoustically fast (AF) modal group

NoAs™ modal density of the resonant acoustically slow (AS) modal group

n, = modal density of the resonance interior space modes

37

(63)

(66)



N2AF,1 = coupling loss factor between the acoustic field and the resonant AF mode group

N2As,1 = coupling loss factor.between the acoustic field and the resonant AF mode group
Noar = dissipating loss factor of the resonont AF modal group

Noas = dissipating loss factor of the resonont AS modal group

n, = dissipating loss factor of the inferior space modal group

Values of the above factors and modal densities are given by the following expressions:
a) Modal Densities

An expression for the fotal modal density of a simply supported thin cylindrical shell is given by

Bolotin's formula (Reference 16)

0
24y3 " agl?
nyv) = —% f [l-“—';z-@] de 67)
0

where
v = f—f; = ratio of frequency f to the ring frequency f,
f, = <L /2na
e = speed of sound in the material
a = radius of cylinder
h = thickness of shell wall
sin™! W_ if v<i
8, =

/2 if v>1

The number of AF modes below the frequency v (for v« vc), N2AF' is given by (Reference 14, page 45)

Om
v v ;4
v _ 24 e _ ¢ _ 4sin‘0\3
Noar = 7o B 2 "2 \'" 49 (¢8)
v
0 c
where
h
B8 =
a V12
v, = f. / fr
fc = critical frequency = frequency at which the free-bending wave speed in the panel is

equal to the speed of sound. Therefore, the critical frequency is found from
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or
C2
0
f == o/ &
c 2= D
where

o = bending wave speed

D = flexural rigidity
p = surface mass density
€, = speed of sound in air.

The modal density of the AF modal group can be obtained from Equation (68) as

\}
aN
“ng - azj : (69)

Now, it can be seen from Equations (68) and (69) that NoAF forl < v < v is zero as shown also in

Figure 11 of Reference 14.

For frequencies above the critical frequency, all modes are acoustically fast and then

V) _ )
"2AF T My

The modal density of the AS modal group is given by the difference between the total modal density
and the AF modal density.

An approximate expression for the acoustic volume modal density is

_ 4nl§2a2g

n D ———
3 3
o

b) Coupling Loss Factors

The coupling factor between the acoustic field and the acoustically fast modes is given by (Reference 14)

Po
N2AF,1 2xfp,

The coupling factor for the AS group (for f > f_ and when the cylinder dimensions are greater than an

acoustic wavelength) is (Reference 14)

c?

= 0 0
N2AS,1  2wff_p A b A [hg 9,(F/F) +P g,({/f)]
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where

Ao = acoustic wavelength

Pr = radiating perimeter = 4na
/74 (0 -2f/fc/‘/f/fc -/ F<0.5F,

9, (f/f) = (Reference 17)
o . £20.5f,

g, (f/50) = {(1 -£/5.) In[(] V7R -]/f/fc)J + 2T/ %2(1 -f/fc)V 2 (Reference 17)

When the cylinder dimensions are smaller than an acoustic wavelength and for f < f., the following

coupling factor is used:

. 2
Po o 4
M2AS,1 " Zaff_p, A (ﬂT P VI/5

cPs

c) Dissipating Loss Factors

The structural loss factors are given by:

_ _ 1
M2aF ~ M2as ~ @

where Q is the dynamic magnification factor of resonance.

The loss factor of the inside acoustic volume can be expressed in terms of the average absorption

coefficient @ as

The shell structures which were analyzed by the modal method and presented in Figures 68, 72 and 82 were also
analyzed using the above statistical energy method and the comparative results were included in Figures 68, 72
and 82, The results are in good agreement for the two methods in the higher frequency region above coincidence
as expected. Fair agreement was obtained in the frequency region between the ring frequency and coincidence
for the examples in Figures 72 and 82. However, the comparisons at the ring frequency and coincidence and in
the low frequency regions ore quite different. Some of this difference can be accounted for by the fact thot the
energy method uses a constant generalized mass for all modes, whereas the modal method uses a generclized mass

which is dependent on the circumferen tial mode number n.
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4.0

4.1

4.1.1

COMPARATIVE ANALYSIS OF SHELL AND PLATE RESPONSES

Acceleration response spectra of all of the shell and plate structures introduced in Section 3.1 and listed in
Tables 6 and 7 are presented in this section in Figures 36 - 118, The various applied excitation fields are also
listed in Tables 6 and 7 and discussed in detail in Section 3.4, Summary discussions of the primary features of

these response spectra are included below.

In general, 900 modes were used for these computations, exceptions are noted, Abrupt cut-off points in several

- of the spectra are the result of a lack of a sufficient number of modes in the respective computations. Tables

9 - 31 and Figures 119 - 127, which contain details of the modal contributions to the total response and associ-

ated data, are included and discussed at appropriate points throughout this section,

Responses to Progressive Wave Fields

All of the shell and plate structures listed in Tables 6 and 7 were analyzed for their acceleration response to
various ducted axial correlated progressive wave acoustic fields. The respective acceleration response spectra

are presented in Figures 36 -67,
SLA Responses to Axially Correlated Duct Fields

Theoretical space averaged acceleration response spectra for the SLA are presented in Figures 36 - 42 for N axial
ducts, where N =1, 2, 4, 8, 16, 32, and 64, respectively. The main features of the response spectra are

summarized as follows:

® The acceleration spectra shown in Figures 36-42 are greater than the comparable spectra shown
in References 1 and 2 due to the inclusion of the n = 1 modes and the correction factor,

(n2+1)/n2, on the generalized mass of the cylindrical shell.

® The acceleration spectrum in Figure 36 includes responses of only n=0(m =1, 2, 3, ...)
modes, since N = | implies a single duct with unit correlation around the entire circumference
of the shell . Such a correlation leads to zero generalized force of all modes (n > 1) having a

non-zero integer number of full circumferential wavelengths.

® The peak response shown in Figure 36 lies within the 200-300 Hz band which is somewhat above
the ring resonance frequency of 175 Hz. Within this band the overall response is controlled by
the responses of individual modes which are at resonance and which nearly satisfy the condition
for acoustic coincidence along the shell axis. This can be seen in Table 10 which shows that
the (12, 0)-mode produces 80 percent of the total response at 248 Hz. For purposes of com-

parison, a comparable summary of modal responses is presented in Table 9 for 175 Hz.

® As the number of (relatively uncorrelated) ducts increases from N =1 to N = 16, the generalized
forces decrease for the n = 0, m > 1 modes ond increase for the n >1, m > 1 modes; and hence,
the peak response spectrum between 200-300 Hz decreases while the spectrum below 200 Hz
increases. Furthermore, the average spectrum level increases to a maximum for N = 16, and

decreases for N = 32 and 64.
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An experimental acceleration response spectrum was obtained from dota measured with several accelerometers
during the SLA acoustic qualification tests at MSC. These data were averaged to obtain an experimentally
derived space average acceleration response spectrum for the N = 16 duct experimental configuration. This
single response spectrum is overlayed on the several computed response spectra in Figures 36-40. Comparisons

between the theoretical spectra and the experimental spectrum indicate that;

® At low frequencies, the experimental response due to sixteen uncorrelated ducts is similar
to the theoretical response for two (N = 2) uncorrelated ducts as shown in Figure 37. This
might be interpreted as implying that some degree of acoustic correlation exists between

adjacent ducts at low frequencies.

® The frequency band over which the theoretical and experimental spectra are approximately
equal moves towards higher frequencies as N increases. Thus, it appears that any acoustic

cross-correlation between adjacent ducts decreases as frequency increases.

® The above implies that cross-correlation between ducts explains the difference between
theoretical and experimental acceleration spectra. However, an additional phenomenon
that could be partially responsible for this difference is radiation damping within the
ducts. From Reference 12, the critical damping ratio, Cr, due to radiation damping is
estimated to be Cr =81.3/m*, whereas for Q, =15, the structural damping ratio
’;o =1/2Q, =0.033. The following factor for reducing the peak response values of
the odd numbered axial modes of the SLA is

2
Q, 1
(_Q_) = m=1,3,5, ...
0 m [1+ 2440/m# ]

This factor virtually eliminates the first four resonant response peaks predicted theoretically
and the number of remaining peaks is lessened. However, the even-numbered axial modes
(m=2, 4,6, ...) should be relatively unaffected. Since the few even modes are also
diminished, there appears to be some additional phenomena present in the low frequency
portion of the experimental data, which might be explained by introducing a partial

correlation of the ducts, which decreases with increasing frequency .

® Figure 40 also indicates a marked difference between the experimentally measured response
and the theoretically predicted response in the high frequency region above both the ring
frequency (175 Hz) and the critical frequency (322 Hz). This discrepancy is probably
attributable to experimental instrumentation limitations on the one hand, and the exact-
ness of the theoretical analysis on the other. In addition, above about 170 Hz, the ducts
are able to support and transmit a variety of acoustic cross modes due to the large admittance
of one wall of the duct (the SLA) which would tend to make the acoustic field within the
duct less correlated at these high frequencies tending toward a more reverberant acoustic
field and substantially more response. An excellent discussion of this acoustic duct

phenomenon is presented in Section 9.2 of Reference 13.
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4.1.3

The Effect of Axial Correlation Damping on SLA Responses

Figures 43-49 contain acceleration response spectra of the SLA excited by plane progressive acoustic waves in
sixteen (N = 16) uncorrelated ducts, where the axial spatial correlation has been exponentially damped. This

damped spatial correlation function is expressed as

o) = oxp [~ Ay, [E]]eos, T

where
7, = Ly w/e,
T =g/
¥ = separation distance
¢, = speed of sound.

A damped correlation function is a simple simulation of a boundary layer turbulence correlation pattern (note
the similority of the A = 10.0 curve of Figure 49 and the Mach 1 curve of Figure 91}, a non-plane wave, a
spread-out source, and other anomalies which occur in practical progressive wave fields. The primary effect

of this damping is to increase high frequency response.

The various spectra of Figures 43-49 were obtained for several values of A (A =0, 0.01, 0.05, 0.1, 0.5, 1,
5, and 10). Note that as A increases, the high frequency response region above the critical frequency
(f. = 322 Hz) increases until about A = 0.5, after which the spectrum continues to flatten; however, a drop in

level also occurs.
Effects of Structural Variations on SLA Responses

Figures 50-53 show the changes in SLA acceleration spectra with changes in radius. General features of

these spectra ore:

® As the radius decreases relative to the SLA, the stiffness increases with a corresponding
decrease in response level . If the radius is reduced significantly, the possibility of axial
acoustic coincidence is eliminated, so that all modes are acoustically fast axially. Asa
result, response levels will generally decrease with increasing frequency. However,
Figures 50 and 51 show a flattening of the spectrum in the neighborhood of the ring
frequency. This is caused partially by the increased modal density at the ring frequency.
The curves shown in Figures 30-31 indicate that the closest approach of the [f_], curve

to the f_ curves occurs in the region below the ring frequency.

® As the radius increoses relative to the SLA, the stiffness decreases and the response level
increases. IF the radius is increased significantly, the axiol acoustic coincidence frequencies
separate. This separation results in the inclusion of (AS),, modes in the frequency region between
the two axial coincidences, which in turn results in o decrease in level in this same region.

This result is shown in Figures 52 and 53, where a "notch" is apparent in the 80-300 Hz
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frequency band. As the separation between the axial coincidence frequencies increases
the nofch deepens. Also, as seen in Table 8, the lowest [fclm(-) frequencies for these two
examples approach the corresponding ring frequencies, thereby increasing the response in
the region of the ring frequencies. The higher [fc]m(+) frequencies approach the infinite
plate coincidence frequencies [fc]m as seen in Table 8. Thus, it is apparent that response
of a uniform cylinder generally contains at least two peaks; the reinforced ring frequency

and the combined [fC]m and [fcln coincidence frequencies.

(+)
The effect of stiffness changes on SLA responses are shown in Figures 54-58 . Here bending stiffnesses, D,
less than and greater than that of the SLA are considered; and a single variation of extensional stiffness is

considered. Key features of these data are:

® Changing the bending stiffness does not alter the ring frequency but does alter

coincidence frequencies.

® Decreasing bending stiffness raises coincidence frequencies and allows for the possibility
of two axial coincidence conditions with the double peaked response as shown in Figure 54.

The net effect is similar to that of reducing radius.

® Increasing bending stiffness and extensional stiffness reduces the coincidence frequency ard

leads to spectra which decrease with increasing frequency as shown in Figure 58.

Increasing the mass of the shell reduces all resonance frequencies by @ common factor, whereas coincidence
frequencies remain unaltered. Thus, as shown in Figures 59 and 60, the ring frequency decreases whereas the
upper (flat plate) coincidence frequency remains unchanged. As a result, a double peaked acceleration

‘spectrum is obtained.

Responses of Other Shells

The responses of three smaller shells fo sixteen uncorrelated duct excitations are shown in Figures 61-63, Signi-

ficant features of these spectra are summarized below:

® Since Q = 30, resonance peaks for these thin shells are more distinct than those of the SLA

which was analyzed for Q = 15,

® Below ring resonance, the spectra are reasonably flat and are similar to plate response

characteristics.

® A short rise in response occurs at the ring resonance which for the shells is essentially equal

fo the axial acoustic coincidence frequency.

® Above ring resonance, the responses drop off sharply since their frequency range is con-

trolled by acoustically siow modes which are not well coupled with the sound field.
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® The spectra in Figures 61 and 62 were terminated at the frequencies shown because of a lack
of modes at higher frequencies. The spectrum shown in Figure 63 was constructed from the
summation of several spectra with different sets of modes used for different frequency ranges.
The coincidence peak in the latter graph occurs at about 12,000 Hz which aogrees with the

coincidence frequency listed in Table 8,
Responses of Flat Plates

Four different flat plates were analyzed for response to single duct excitation (N = 1), and the four acceleration
spectra are shown in Figures 64-67, With N =1, the entire plate is exposed to a plane acoustic wave field prop-
agating along the x-oxis. All plates have a Q = 30 except the equivalent SLA panel which has a Q = 15 in order
to be consistent with SLA cylinder responses. Note that the SLA panel has the same surface area as the SLA cyl-

inder. These panel responses exhibit the fol lowing characteristics:

® In all cases, the (m,n) =(1,1) mode of the plate has the highest response level since it has

the most efficient wave length coupling with the acoustic field.

® The infinite flat plate coincidence frequencies, f o for these four panels are:

fm 15900 | 4750 | 200 | 300 Hz

Fig. No. 64 65 66 67

At these frequencies, it is expected that the response should increase to relatively high
levels. This is seen to be the case in Figures 65 and 67. The 15900 Hz coincidence fre-
quency is off the graph in Figure 64 and hence the rise in response does not appear, but
would be present if the frequency scale were extended to 20,000 Hz. The 200 Hz coin-
cidence frequency for the stiffened plate occurs near the resonance frequencies of the

first few modes; and hence the response levels continue to decrease beyond 200 - 300 Hz.

® The acceleration spectra shown in Figures 64 and 67 are relatively flat between the resonance
frequencies of the fundamental mode and coincidence. This effect can be predicted by a

simple analysis as discussed in Section 3.7.

® The acceleration spectrum in Figure 65 is controlled by the resonances of single modes
throughout the frequency range shown, and could have been predicted using single degree
of freedom type analyses. From the mode numbers listed in this graph, it is concluded that
response at coincidence occurs for high order m-numbers along the direction of propagation

and low order n-modes normal to this direction.
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Responses to Reverberant Acoustic Fields

The shell and plate structures listed in Tables é and 7 were analyzed for their acceleration responses to a
reverberant acoustic field. The respective acceleration response spectra are presented in Figures 68-90. In

addition, three structures were analyzed utilizing the statistical energy method as described in Section 3.8.
Shell Responses

The acceleration spectrum of the SLA is shown in Figure 68, whereas, the acceleration spectra representing
structural parameter variations of the SLA are presented in Figures 69-79. The acceleration spectra of the
three homogeneous skin shell examples are shown in Figures 80, 81 and 82. The main features of these response

spectra are summarized as follows:

® The acceleration spectrum level shown in Figure 68 is greater than the comparable spectrum
presented in References 1 and 2 due to the inclusion of the n = 1 modes and the correction

factor (n2+ 1) /n? on the generalized mass of the cylindrical shell.

® The acceleration spectrum in Figure 68 also contains comparable values obtained from the
statistical energy analysis method outlined in Section 3.8, Note the general similarity and,
especially, the agreement in the high frequency region above 350 Hz. The energy method
treats the acceleration response of a cylinder in three basic regions, i.e., above the
critical frequency (finite plate coincidence frequency), below the ring frequency, and
between the ring frequency and critical frequency. The energy method used for the
examples in this report assumes that there are only AS modes in the region between the ring
frequency and the critical frequency, whereas, the discussion in Section 3,5 indicates that
there are also AF modes in this region and for stiffened shells like the SLA, the number of

AS modes in this frequency region is very small.

® The peaks at the ring frequency and the coincidence frequency which are apparent in the energy
analysis method results included in Figures 68, 72 and 82, can be partially accounted for by noting
that the energy analysis assumes a constant generalized mass for the system over the entire fre-
quency range. The actual generalized mass is twice this value for the ring modes (n = 0) which
would decrease the value at the ring frequency by a factor of two, in fact, wherever the ring
modes are dominant there is an effective decrease in response. The generalized mass is correct
for the high frequency region above the coincidence frequencies, but requires the generalized
mass correction factor, as discussed in Section 3.1.5, in the low and intermediate frequency

regions .

® Tables 15-18 contain details of the forty most dominant modes contributing to the accelera~
tion spectra for the SLA at four selected frequencies. Note the change in the histogram of

the percentage contributions of the modes relative to resonance.
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® The peak response shown in Figure 68 is at about the ring frequency of 175 Hz which is also
the region of highest modal density. The response is flat to about 300 Hz after which it falls
off with a slope of 1/f and is in agreement with that of an infinite plate with the same
bending stiffness and mass surface density. As seen from Table 8, the region from 175 Hz
to 300 Hz contains the oxial coincidence frequency of 248 Hz and the circumferential

coincidence frequency of 302 Hz.

® The circumferential modal response contributions are more apparent in the acceleration
spectra for reverberant acoustic excitation, since there are no ducts to suppress them.
All of the acceleration spectra of Figures 68-82 are seen to have a response peak at about

their respective ring resonance frequencies.

® Tables 23-26 contain details of the forty most dominant modes contributing to the accelera-
tion spectra for the SLA with a radius of 208 inches ot four selected frequencies. Note the

change in the histogram of the percentage contributions of the modes relative to resonance.

® Figures 69, 70, 75, 76 and 77 are seen to have markedly different acceleration spectra

as compared to their axial duct counterpart shown in Figures 50, 51, 56, 57 and 58.

® The high frequency roll-off in Figures 68-79 are all equal to their respective equivalent

infinite plate responses above the infinite plate coincidence frequency.

® Figure 72 also contains comparable values obtained from the statistical energy analysis
outlined in Section 3.1. The comments about the comparisons follow those given for

Figure 68 above.

® Figures 80, 81 and 82 contain the acceleration spectra of three uniform cylinders to reverberant
acoustic excitation. Note the characteristic drop in level just after the ring frequency. Figure 82
was obtained by using a total of 8100 modes (m=1, 2, ... 90; n=0, 1, ... 89). Note the
characteristic notch between the ring frequency (1304 Hz) and the coincidence frequencies

(11,750 Hz) and the 1/f roll-off above the coincidence frequencies.

® Tables 27-30 contain details of the forty most dominant modes contributing to the acceleration
spectra for the 24 in. radius by 48 in. by 0.040 in. uniform cylinder at four selected fre-
quencies. Note the change in the histogram of the percentage contributions of the modes

relative to the resonance.

® Figure 82 also contains comparable values obtained from the statistical energy analysis method.

Comments follows those given for Figures 68 and 72.
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4.3

e Since Q = 30, the resonance peaks for these thin shells are more distinct than

those of the-SLA which was analyzed for Q = 15,

o Within the first half-decade above the fundamental resonance frequency, the
response spectra are resonably flat. In each case the lower value of the spectrum

is approximately equal to 1/(ug)? with peak values of Q/(ug)?.

e Above this frequency range the increase in response level is approximately propor-
tional to frequency 2, although several response peaks’in this range exceed the

response level at the ring frequency.

e Within the frequency range just below ring resonance, a significant overlapping
of modal bandwidths occurs, and as a result, there exists a broad frequency band
in which the response is high. Most of the vibrating energy of each shell is

concentrated within this band.

o The lower axial coincidence frequency is almost equal to the ring resonance.
e Above the ring resonance frequency, the response decreases sharply.

Flat Plate Responses

Several flat plates were analyzed for their acceleration response to reverberant acoustic fields. The detailed
parameters of the plates are listed in Table 7 and their respective acceleration spectra are shown in Figures

83-90. A few features are noted as follows:

o The acceleration spectrum shown in Figure 86 is for a flat plate whose bending stiffness
and surface mass density are equivalent to the SLA. The slope and level of the spectrum

above 300 Hz is identical to that of the SLA shown in Figure 68.

o Figures 87-90 are flat plates whose bending stiffness and surface mass density match that
of the 24 in. radius by 48 in. by 0.040 in. uniform cylinder, therefore, the acceleration
response above 11,750 Hz should match that for the cylinder above 11,750 Hz as shown
in Figure 82. The flat plate response in Figure 87 indicates too low a modal density.
The plate was cut in half, ond as shown in Figure 88, the modal density was still
deficient. The plate was again cut in half and Figure 89 shows that the response is
about equal to that in Figure 82 above 11,750 Hz. The plate was cut by an odditional
factor of four and the acceleration response in this high frequency region is about the

same as for the cylinder.

Responses to Boundary Layer Turbulence

The shell and plate structures listed in Tables 6 and 7 were analyzed for their acceleration responses to

boundary layer turbulence excitation. The respective response spectra are presented in Figures 91-116.
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4.3.2

Shell Responses

The acceleration spectra of the SLA for boundary layer turbulence excitation at Mach 1 and 2 for o boundary
layer thickness of 8}, = 12.0 inches and at Mach 1 and 2 for &}, = 6.0 inches, are shown in Figures 91-94,
respectively. Tables 19-22 contain details of the response contributions of the forty most dominant modes at
four selected frequencies for the SLA at Mach 1, 8, =12.0 inches. The acceleration spectra for structural
variations of the SLA, and other shells and flat plates are shown in Figures 95-110. The main features of these

response spectra are summarized as follows:

. ® At Mach 1 for the SLA and variations of the SLA, the'acceleration spectra rolled off at a
constant slope of about l/fs/2 to 1/f2 above the respective coincidence frequency as seen in
Figures 91, 93, 95~-105. Note that the coincidence frequencies are less due to a decreased

propagation velocity of U, = 9810 in./sec instead of Cy = 13,440 in. /sec.

® At Mach 2 for the SLA, the acceleration spectra roll off at a constant slope of 1/F2 above the
coincidence frequency as seen in Figures 92 and 94. Note that there is a break in the curve
at the coincidence frequency which increased due to an increased propagation velocity of

U, = 15,900 in. /sec.

® The low frequency portion of all of the acceleration response resembles that for duct excitation

in level. Generally, the spectra are flatter.

® Figure 106 was computed for the 18 in. radius by 54 in. by 0.020 in. uniform cylinder for
Mach ]/]/-5-, 8,=20.0 inches; whereas, Figure 107 was computed for Mach 1, §b = 12.0 inches.
Note the overall increase in level and especially in the frequency region above 400 Hz in

Figure 107.

e The response spectra for the 24 in. radius by 48 in. by 0.040 in. uniform cylinder presented

in Figure 109 was obtained utilizing 8100 modes.
Plate Responses

The acceleration spectra of several flat plates for boundary layer turbulence excitation ot Mach 1 with a
boundary layer thickness of 8, = 12.0 in. are shown in Figures 110-116. The main features of these response

spectra are summarized below:

o Comparison of these spectra with the acceleration response spectra obtained for reverberant
acoustic excitation (Figures 83-90) show that boundary layer turbulence generally excites
more modes. There is no distinct coincidence region, in fact, there is a broadened increase

of response up to coincidence as compared with the reverberant response spectra.

e Comparison of Figure 109 with Figures 114-116 above 2000 Hz indicate that o small panel
of the same material and stiffness as the cylinder can exhibit the same response levels at
frequencies above coincidence. This result is similar to that noted in the discussion of

Section 4.2.2.
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Response to Localized Excitation

A single example of response to localized excitation is presented in Figure 117. Here, the SLA cylinder is
exposed to boundary layer turbulence concentrated in a 60.0 in. (axial) by 30.0 in. (circumferential) area,

the center of which is located at the midheight of the shell. In practice, such an excitation might be asso-
ciated with high turbulent pressure levels in the wake of a protuberance on the shell. For purposes of compari-
son, the response of @ 60.0 in by 30.0 in flat plate segment of the SLA to the same excitation is shown in Figure
118. Another comparison that should be made is between the acceleration spectrum shown in Figure 91 and
those in Figures 117 and 118. Figure 91 shows the response of the SLA to boundary layer excitation over the
entire shell. For all three analyses, @ =15, U_= 9810 in./sec, and & = 12.0 in. Results of these compari-

sons are summarized below:

o  The response of the SLA to localized excitation is considerably lower than the response to
excitation of the entire shell, although the shapes of the acceleration spectra are generally
similar. This is expected since the average mean-square response level should be approxi-
mately proportional to the square of the area over which the excitation occurs. This effect
is discussed in Appendices A and B wherein it is shown that the joint acceptance len n(u)
for the (m, n)-mode is proportional to (Ae/A)2 , where Ag is the excitation area and A
is the total area of the structure. For the present case, (Ae/A)2 =6.28 - 107% which
is approximately the ratio between responses shown in Figures 91 and 117. The average
response levels in Figure 117 should be a reasonably good estimate of the response levels

at a large distance from the source of excitation.

e Responses of the shell and the flat plate segment are comparable when both structures
are exposed to excitations over their entire surface areas. For localized excitation,
the plate response is expected to be a better estimate of the localized response of the
shell than that given in Figure 117; although the plate response is conservative due to

a power flow from the region of localized excitation to the remainder of the shell.

A more detailed analysis of the shell to localized excitations would require the use of a more general response
equation than Equation (55a). The more general equation would involve modal cross correlations that would
appear in the modal expansion of response as cross terms between distinct (m, n) and (r, s) modes. With such
cross correlation effects included, it would be possible to predict the decay of vibration levels of the shell with
distance from the excitation orea. This is demonstrated in Section 2.0 for o damped beam exposed to a localized

point excitation.

Modal Contributions to Total Response

The number of modes required to achieve various percentages of the total response versus frequency for the

three types of excitation are shown in Figures 119-127 for several of the structures analyzed in this report .

Figures 119, 120 and 121 contain the contours for the number of modes required to achieve 50, 75 and 99
percent of the total response of the SLA for N = 16 duct acoustic excitation, reverberont acoustic excitation
and boundary layer turbulence, respectively. Note that @ 1000 Hz it requires approximately 700 modes to

achieve 99 percent of total response for reverberant ond boundary layer excitation, whereas, only 200 modes
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are required for duct excitotion. Tables 11-22 contain detailed information on the 40 most dominant modal
contributors of the SLA at four select frequencies for each of the three types of excitation. Tables 23-30

contain additional detailed information on the 40 most dominant model contributors of other selected shelis.

The number of modes required to achieve 99 percent of the total response of three small uniform shells and
three flat plates for the three excitation fields are shown in Figures 122-127, Table 31 contains detailed
information on the 40 most dominant modal contributors to the response of the flat plate of Figure 115 at

3090 Hz for boundary layer excitation. Note that the response is primarily a single mode.
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5.0

CONCLUSIONS

The contents of this report have extended the analyses presented in References 1 and 2, and have shown how a
computer oriented modal analysis method can be efficiently employed to study the responses of plate and shell

structures to various excitation fields. Such computations are of great utility in

e the development of qualification test programs for aerospace structures in which acoustic

excitation is used to simulate launch and in-flight fluctuating pressure environments,
o the interpretation of experimental response measurements,
e the calculation of structural acoustic and vibration transmission loss,
e the design of structures to minimize vibration response and maximize transmission loss,
e the development of environmental test specifications for equipment.

Although the present digital computer program is designed for duct and reverberant acoustic fields and boundary
layer turbulence, it can be easily extended to include structural response to other useful acoustic environments,
such as, free field acoustic plane wave excitation of a cylinder including the effects of scattering, structural
response to localized close-coupled noise sources and combinations of duct and reverberant fields, ete. In
addition, the equations of motion could be extended to include: the effects of discrete stiffness, the effects of

damping on the spatial decay of vibration levels, the effects of lumped masses, etc.

It has also been shown that this method of analysis is in agreement with high frequency results obtained by statisti-
cal energy analyses. The modal analysis method permits detailed analyses of the responses of the well separated
low frequency modes of a structure as well as the responses in the transition region from low frequencies to high
frequencies. At very high frequencies, statistical energy analysis provide a more efficient approach than the

present method.

As a result of the use of the modal analysis method, a tentative model of the acoustic fields generated by ducts
has been constructed in a manner which agrees with experimental data. This model shows that ot low frequencies,
some degree of acoustic coupling exists between adjacent ducts, and that the lateral extent of this coupling

decreases as frequency increases.

It has not been possible to develop an adequate explanation for differences between high frequency response
obtained experimentally and theoretically. This may require further laboratory experiments under very controlled

conditions.

It has been demonstrated that the method of analysis set forth in this report is an efficient method for computing
the mean-square space average response of uniform plates and shells, and of the uniform equivalent of stiffened

plates and shells.

Many structures encountered in practice are stiffened plates and shells in which the stiffeners divide the structure
into an ensemble of plate and shell components. These components may be of different sizes and may have different
levels of excitation, and different response levels due either to localization of the excitation or the different

dynamic properties in a given frequency band. The method presented in this report might be used to efficiently
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compute the energy density levels of the various individual components over a broad frequency range. These
energy levels could then be used with the power flow concepts discussed in References 14 through 17 to determine
the redistribution of this energy between the various components. This would constitute a refinement of present

statistical approximations for estimating energy levels of complex structures.

54



REFERENCES

10.

1.

12.

13.

14.

16.

17.

18.

19.

20.

White, R. W.: Predicted Vibration Responses of Apollo Structure and Effects of Pressure Correlation Lengths on

Response; Wyle Laboratories Research Staff Report, WR 67-4; March 1967 and Revised March 1968.

White, R. W.: Theoretical Study of Acoustic Simulation of In-Flight Environments; The Shock and Vibration
Bulletin No. 37, Part 5; January 1968.

Wilby, J. F.: The Response of Simple Panels to Turbulent Boundary Layer Excitation; AFFDL-TR-67-70; October
1967.

Snowdon, J. C.: Vibration and Shock in Damped Mechanical Systems; John Wiley and Sons, Inc.; 1968.
Skudrzyk, E.: Simple and Complex Vibratory Systems; The Pennsylvania State University Press; 1968.
Roark, R. J.: Formulas for Stress and Strain; Third Edition, 1954; Mc Graw-Hill Book Co.

Powell, A.: On the Response of Structures to Random Pressures and to Jet Noise in Particular; Ch. 8 of Random
Vibration (S. H. Crandall, Ed.); MIT Press, Cambridge, Mass.; 1958.

Korn, G. A. and T. M. Korn: Mathematical Handbook for Scientists and Engineers; Mc Graw=Hill Book Co.;
1961,

Crocker, M. J. and R. W. White: Reponses of Lockheed L~2000 Supersonic Transport Fuselage to Turbulence and
to Reverberant Noise; Wyle Laboratories Research Staff Consulting Report No. WCR 66-11; September 1966.

Potter, R. (Editor): A Study of the Acoustic Qualification Testing of the Manned Oribtal Laboratory (MOL) in
Simulation of Launch and Flight Environments; Wyle Laboratories Research Staff Consulting Report No. WCR 68-1;
1968.

Levy, R. S., et al.: First Annual Summary Report — Experimental Determination of System Parameters for Thin
Walled Cylinders; Report No. RAC 1117-6, Republic Aviation Corporation, Farmingdal, L. 1., N. Y.; June 1964.

Bozich, D. J.: Radiation Damping of Panels Mounted in Ducts; Wyle Laboratories Research Staff Report No.
WR 64-6; 1964.

Morse, P. M. and K. U. Ingard: Theoretical Acoustics; Mc Graw-Hil! Book Company, New York, N. Y.; 1968.

Manning, J. E. et al.: Transmission of Sound and Vibration to a Shroud-Enclosed Spacecraft; BBN Report 1431;
October 1966.

Ungar, E. E.: Fundamentals of Statistical Energy Analysis of Vibrating System; Technical Report 66~52, Air Force
Flight Dynamics Laboratory, Wright-Patternson Air Force Base, Ohio; May 1966.

Miller, D. K. and F. D. Hart: Modal Density of Thin Circular Cylinders; NASA CR-897; December 1967.

Maidanik, G.: Response of Ribbed Panels to Reverberant Acoustic Fields; J. Acoust. Soc. Am., No. 34;
June 1962,

Forsberg, K.: A Review of Analytical Methods Used to Determine the Modal Characteristics of Cylindrical Shells;
NASA CR-613; June 1965.

Weingarten, V. 1.: Free Vibration of Thin Cylindrical Shells; AIAA Journal, Vol. 2, No. 4; April 1964.

Wenzel, A.: Surface Pressure Correlation Function for a Cylinder in a Diffuse Reverberant Sound Field; Wyle
Laboratories Research Staff Report No. WR 66-14; March 1966.

o

55






APPENDIX A

JOINT ACCEPTANCES OF A PINNED-PINNED BEAM FOR LOCALIZED EXCITATION

Consider o pinned-pinned beam, such as that shown in Figure A1, on which a distributed random pressure loading acts

over the range x, < x < X, The center of the loading is located at X s and the length of the loading is A, so that -

X = &y, +x))/2

Ax = %, =X Al
It is assumed that, within the range x, < x < x,, the load is homogeneous and is characterized by a space correlation
function C(§;w) which depends only upon the separation distance { between any two points in the range x, < x < X, -

The general equation for the joint acceptonce, jrzn (w), of the m-th mode is:

-2 ©) = 1 X x2 C (: ) (x) - N dx dx!
Jm”"Lz— &) - @ (x) - 9 (x') dx dx
X x=x x'=x,
;2 3?2
= f f C(iw) - ¢, (X) -0 (X') - d% - dX' (A 2)
X=X, X'=%,
® (x) = ®m (X) = sin (mwx/L) = sin (mnX) (A 3)
X = W A 4)

Following the procedure developed in Reference (1), the double integral in Equation ( A 2) can be reduced to a single

integral by introducing the following transformation of the variables of integration:

=X+ X x

(E+ Ly2
(£ - T)2 (A-5)

=% - X X

a vl oy

% - dx' = dEf . dC/2

This transformation of the integration space is shown graphically in Figure (A2). The product L (%) - ¢ (X') canbe

written in terms of £ and T as follows:
- ' 1 = -
Qm(x)-Qm(? ) = 5 [cosm‘n§ - cosmwg] (A 6)

Substituting Equations (A 5,6) into Equation (A 2), performing the integration over £ , and noting that C (T;w) isan

even function of _C. leads to:
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2, 2%, - IEI
J:n (U) = _1' C(E:U) f [COS mﬂf - COS mng ] . d"E' . d?
' .

1 & _ _ _ _ cos2m'|r’>?0 _ _ _
7 f C (C;w) [(Ax-l’gl)cosmnt-——— sinm-n(Ax-l§|)] d¢

J _ mw
T3,
'/‘%( _ [ o _ cos 2mm X, _ ] _
= J C(Cuw) | (Ay -8)cosmnl ~ pge smm'lr(Ax- £) |d¢ (A7)
£=0
The integral in Equation (A7) can be further simplified to
2 1 cos 2mu X,
len(u) = Ax / C (z;w) [(1 -z)cosmnz - —r sinmu (1-2) | dz
z=0
or
i 1
= -f Z-C(z;w) "cosmnz . dz
Ax 0
cos 2m X, - sinm 7w 1
+ |1- [ C(z;w) -cosmnz - dz (A8)
mn
0
cosZmn?o-cosmn !
+ f C(z;0) -sinmnz . dz
m
0
where
2= T/A = t/A
- (A9)
m = m Ax ‘

In the form given by Equation (A 8), J:n (w) is proportional to Z: , which implies in general that the joint acceptance
and hence the mean-square response of a structure is proportional to the square of the area over which the excitation
occurs. As &( — 0, the right-hand side of Equation (A 8) approaches a finite, non-zero quality. For example, in
the case of a point force applied at Xq s C (z;w) = 1.0, m= 0, the first term in Equation (A 8) is equal to (1/2), the

second term is equal fo - cos 2m1r'i° , and the third term is equal to (1/2) cos 2m1|§0; and hence

ihw

Lim

— = % [l - cos 2mn'§o] = sin? mw X, (A10)
A~0 A

which is the correct result.
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Boundary Layer Turbulence Parallel to Flow Axis

The space correlation function, C(z;w), selected here for representing a localized boundary layer turbulence is:

-8 |z |

C(z;u) = e - cos y z (A11)
Y = wa /U

x X A12)
5§, = ay * b Ax/sb
U. = convection velocity
Sb = boundary layer thickness
a,b = constants dependent upon measured characteristics of boundary layer flow field.

For the analysis of the SLA in Reference (1), nominial values of the constants a, b, Uc' Sb are:

= 0.10
= 0.265
U. = 9810in./sec (Mach 1)
= 15900 in./sec (Mach 2)
Sb = 12.0in.

When the boundary layer is distributed over the entire length of the beam, the A = L_ and Equations (A 12) reduce to

those presented in Reference (1).

Upon substituting Equation (A 11) into Equation (A 8) and performing the integration gives:

. r
RO [5,18 + (rma) e 8- game | 8
2 2 o e cos(yx_ m )
. i 2[5)( + (yxt mn)]
i 2 2
yxf mn 8x+(yxtm1r) +28x -Sx .
- . 2 YY) e sin (Yxt m)
i 2 [sx+(7xt ma) ]
) 5;1('(‘lxtm'")2 1 [] i cosmeTco-sinm-n] .
2 272 2
2[8x+(7xim“)] m n
Sx -8x
. ﬁ{l-e cos(yximtr)}
& *(y, t mm)
. Y, +tmx -Sx .
e sin (~,~x + mm) (A13)

2 2
5 *(y t mn)
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cos 2mwX, - cosmu (v, t m n)

+

-8
{'l-e xcos(yxtmn)}

7 4 2
2mn 8x (yxt m )

6 -5

- X e % sin(y_ + mx) (A13)
&+ (r, ¢ mo) " Cont.

Equation (A 13) contains twice as many terms as are shown; one set is associated with the (+) sign and one set is asso-
-2
ciated with the ( ~ ) sign. The total equation for an (w)/ A, is obtained by algebraically adding these two sets of

terms. Equation (A 13) was used to compute the acceleration spectrum shown in Figure 117,

When the boundary layer extends over the entire length of the beam, then Zx = 1.0, m = m = integer, and Equation
(A 13) can be reduced to:

2

2
-2 _ 1 (7x tmm)” -8 + (mm %y )/mn 1 nm et
Jm(u) = = . 17 ; " -(-1)" e cos ¥,
(6 + (y £t mm)?] 8 + (v tmm)
-8y tmm) 8 /2m m_ T ox
+ - (-1 e sin v,

T
82 +(y ¢ m'lr)z]2 §2 + (y + m )2
x x X x

8_/2

X

(A14)
2 2
Sx + (yx + mm)

where the (1) sign once again implies a summation of (+) terms and (-) terms. It is a straightforward exercise to show

that Equation (A 14) can be rewritten in the more condensed form of Equation (4.40) in Reference (1).

Equations (A 13, 14) are applicable to a flat rectangular plate and a cylindrical shell if the flow is directed along the

x=-axis, which for the shell is parallel to the center line.

When -A( =1 .0, coincidence between the elastic waves of the m-th mode of the beam and the turbulence wavelengths

occurs when Y, = mr. From Equation (A 12), the corresponding coincidence frequency is:

"'c. m Uc
f = 5= = = coincidence frequency for m-th mode. (A 15)
c 2w 2L

Setting v, =mw in Equation (A 14} gives the following expression for the joint acceptance, jfn(uc), at coincidence:

2 _g2 -
2 B (2mn) 8 . 2 1 Sx
Im ug) = ¥l 2 217 2 2 e T-e
[Sx +(2mn)? ] Sx + (2m ) Sx
8./2 1
+ > 7 + (Alé)
Sx + (2m %) 28,
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Aerodynum-ically slow modes, for which response levels are generally not large, are those modes for which Y, < m%;

while aerodynamically fast modes are defined by the condition y, > mw.

Progressive Wave Acoustic Excitation

The joint-acceptance for a correlated acoustic wave progressing along the beam at parallel incidence can be obtained
from Equation (A 13) by setting 8 = 0. If the wave acts over the entire length of the beam, then Zx =1.0and m=m,

and in this case, Equation (A 14) reduces to the following well-known equation developed by Powell in Reference (7):

) 2 l-(-l)mcosyx
2E - —— 1 @1
(P T = Gy fm?]

Equation (A 17) was used to compute the acceleration spectra shown in Figures 36-42 for duct excitation of the SLA, It
is often convenient to refer to a graph of Equation (A 17) in order to explain trends in response data. Such a graph is
shown in Reference (7); however sucha graph is complicated by the rapid fluctuations of the joint acceptance curves
and by the superposition of curves for different mode numbers. It is possible to rewrite Equation (A 17) in the following

alternate form:

A 2
J,z,.,("’) - 1 , [ sin (mwe/Z)] (A18)
0+6501° L mnes2)

LY
L}

deviation of excitation frequency, f, from coincidence frequency fc

Tx 1 f 1 A1
R e . (A19)
- mc
fc =30 coincidence frequency for m-th mode (A 20)
X

The fluctuating part of an (w) is controlled by [ sin (mwe/2)/(mn e/2)] Z and this factor is shown graphically in
Figure A3.

Reverberant Acoustic Field

The space correlation function for a localized reverberant acoustic field on beam is chosen as

sin Y, 2
C(Z,U) = —Y—Z_—— (A2'l)
’ X
7, = l.)Ax/t:0

Substituting Equation (A 21) into Equation (A 8) and performing the integration gives:
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cos(7x+m1r)-'l cos(yx-mvr)-'l

2 = +
Jm(ﬂ) 27x (7x+ m x) 27x (yx-m'n)
1 [ cos 2m'|r7o . sinmn] [
+ 2—7x 1- pn . Si (7x+ mn) + Si (yx- mu)] (A22)
cos 2mw Xy r cos mw
+ 2ma ” [Cin(yx+ mﬂ)—Cinlyx—mﬂI]

where

z .
Si (z) =f ":" . dx

0

z
cin@) = [ 1Tex L a
0

(A 23)

Various methods for approximating the functions Si (z) and Cin (z) are discussed in Reference (1). Equation (A 22) is

applicable for both axes of a flat rectangular plate and for the axial direction along a cylindrical shell.
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APPENDIX B
JOINT ACCEPTANCES OF A CIRCULAR RING FOR LOCALIZED EXCITATION

Consider the circular ring shown in Figure B1 which has a distributed random pressure loading over the range

-Ay/2<y<Ay/2. Mode shapes of the ring modes that may respond to such'an excitation are:

¢, () = sin@2wny/L)

ni

¢ (y) = cos(any/Ly)

n2 ¥
y = circumferential coordinates
L, = circumferential length of ring

n = number of elo;ﬂc full-waves around circumference .

Following the procedure in Reference (1), the joint acceptance ji (W) for the n-th mode of the ring can be written in the

form:

Ay/2 Ay/2

s 1 ) ' )
B - Clnm) - [0, 0) - 0, 0+ 0, &) -0, 6] - dy - dy
Yy y=-Ay/2 y'=-Ay/2 .
1 Avy/2 Avy/2
= — C (n;u) * cos (21rnr‘/L>,) cdy *dy' (:I))
L '
y y=-Ay/2 y'=Ay/2
n=y-y' = separation distance around ring
C (h;w) = space correlation coefficient for homogeneous pressure field.

Equation (B 1) can be reduced to a single integral by using the same procedure as that described in Appendix A and

shown pictorially in Figure A2. The resulting equation is:

1
ji ) = Zzy f (1-2) - C(z;w) *cos2nmz - dz i (82
z=0
Ky = Ay/Ly
n = n. Ay

Joint acceptance expressions are developed below for correlation functions associated with boundary loyer turbulence

and o reverberant acoustic field:

Boundary Layer Turbulence

For a boundary layer convected along the oxis of a cylindrical shell, the space correlation coefficient around the
circumference of the ring is assumed to have the form:

-8, 1zl
Cxuw) = e y ¥
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Substituting Equation (B 3) into Equation (B 2) and integrating gives:

J;‘: () 2nx)? - 82 [ -5
= T TS Yz 3 1~-e cos 2n1r]
A +
y [Sy 2nn)?]
4 & -8 )
" %y y y

S — e sin?n'n' +
]

8 + (2n=) 8 + 2nw)?
[y 2nw) v 2nw)

Reverberant Acoustic Field

For a reverberant acoustic field the space correlation coefficient around the ring is approximated as follows:

siny z
C(z;uw) =
Yy z
where
= wl
v, y/co

Substituting Equation (B 4) into Equation (B 2) and integrating gives:

Z?
ji W = 7: [Si { (yy+ 2nn) )+ Si | (yy - Zﬂn)}]
. Z; 1 - cos (4mn) cos (yy) - (2-nn/yy) sin (4wn) sin (yy) a0
2 (o m)? 1- (yy/21m)2
2A? 2 [1-cos(y)
= Y Si{yy}-A; .._2_—Y-J, n =0
YY y)'
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Table 1: Parameter Values Used in Numerical Example of Exact Analysis Method

Mode First Third Mode First Third
& 1.0 1.0 sinh 2 267 .745 7.6777 - 107
¥ 11.25° 11.25° sinh 2 8 1.60136 21.235
sin ¢ 0.19509 0.19509 sin2 a 0 0
cos ¢ 0.98079 0.98079 sin2 8 0.948%90 -0.57106
Aq 3.2032 9.6095 IU(x)l 1.2271 0.48151
a n 3n -
8 0.62486 1.8747
cosh 2 a 267.745 7.68 .107
cosh2 8 1.88795 21.272
cos 2 1.0000 1.0000
cos 2 8 0.314 -0.82107
Table 2: Values of Frequency Functions Used in Numercial
Example of Modal Analysis Method for § =1.0,
@ =3xand m = 1-6.
o (@) | G | )
v U Wy @
] 7.85 0.01152 0.312 134.5°
2 1.96 0.2185 0.738 126.4
3 0.873 1.250 1.250 72.58
4 0.490 1.250 0.526 17.50
5 0.314 1.100 0.238 6.23
6 0.218 1.050 0.131 2.86
Table 3: Numerical Values of ,er for §=1.0, «a=3n, m=1-b6andr=1-6
m 1 2 3 4 5 6
i 0.0974
2 0.228 0.545
3 0.184 0.545 1.560
4 -0.0749 -0.126 0.377 0.277
5 -0.0460 -0.0888 0.120 0.123 0.0566
6 -0.0272 -0.0535 0.0570 0.0670 0.0312 0.0172
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Table 4: Numerical Values of the Normalized Deflection Amplitude, IU(x)I ,
for Ay =9.6095, Using the Exact and Modal Analyses

Exact Modal Analysis
X Analysis m = 1-5 m=1-10 m = 1-30 m=1-30
§=1.0 §=1.0 §=1.0 §=1.0 28=1.0
0 0 0 0 0 0
0.06 0.598 0.511 0.592 0.599 0.532
0.10 0.789 0.751 0.803 0.792 0.7
0.16 0.871 0.886 0.873 0.874 0.810
0.20 0.834 0.841 0.838 0.837 0.807
0.26 0.706 0.691 0.706 0.709 0.755
0.30 0.608 0.612 0.603 0.610 0.71
0.36 0.500 0.557 0.508 0.502 0.653
0.40 0.473 0.528 0.482 0.476 0.616
0.46 0.469 0.478 0.467 0.471 0.548
0.50 0.455 0.447 0.455 0.457 0.481]
0.56 0.388 0.389 0.389 0.389 0.379
0.60 0.314 0.325 0.314 ©0.315 0.310
0.66 0.214 0.206 0.220 0.215 0.252
0.60 0.210 0.179 0.214 0.212 0.260
0.76 0.284 0.261 0.281 0.285 0.298
0.80 0.323 0.316 0.323 0.324 0.308
0.86 0.316 0.326 0.319 0.317 0.276
0.90 0.261 0.276 0.262 0.262 0.221
0.96 0.118 0.127 0.118 0.119 0.0973
1.00 0 0 0 0 0
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Table 5: Resonance Frequencies of Equivalent Cylindrical Shell

AERREERERE 5:617!8 gl {3516 1718192 |2 |2 |25 2|25]2%]
| v ]175| 2| 32| 20| 24 | 35| 50| 68{ 89 [113 [139 [ 169 201 [236 | 274 [ 314 [357 | 403 [ 452 [ 504 |558 | 616 | 676 | 739 | 804 |873 944
2 [175(136| 82| 52| A1 | 44| 56| 73| 93 |17 | 143 | 173 |205 240 | 277 | 318 | 361 | 407 | 456 | 508 | 562 | 619 | 679 | 742 | 808 | 876 |948
3 |75 156|117 | 85| 66 | 61| 68| 821101 {124 [ 150 | 179 |211 |246 | 283 | 324 | 367 | 413 | 462 | 514 | 568 | 625 | 686 | 748 | 814 (882 |954
4 [176|165(138 | 111 | 91 | 82| 84| 95|112 134 [159 |188 |220 |255 | 292 | 333 |376 | 422 | 471 | 522 | 577 |634 | 694 | 757 | 823 | 891 |962
5 : 177|171 152 [ 131|113 | 104 | 103 | 112 ]27‘]47"]72‘2(” 231 266 | 303 | 344 | 387 | 433 | 482 | 533 (588 | 645 | 705 | 768 | 834 | 902 |973
6 1801176 | 163 | 147|133 | 125 | 124 | 131|144 163 | 187 |215 |246 |280 | 317 | 358 | 401 | 447 | 495 | 547 | 601 | 659 | 719 | 781 | 847 | 916 |987
7 |184)182) 172 | 161|151 | 145 | 145 | 151 | 164 |182 | 205 | 232 | 263 |297 | 334 | 374 | 417 | 463 | 511 | 563 | 617 {675 | 735 | 797 | 863 | 931

8 [ 191189 183 | 175168 | 165 | 166 | 173 | 185 |203 | 226 | 252 |282 [316 | 353 | 393 | 436 | 481 | 530 | 582 (636 | 693 | 753 | 816 | 881 | 950

9 | 200|200 195 | 191|187 | 185 | 188 | 196 | 209 |226 | 248 | 274 |304 |338 | 374 | 414 | 457 | 503 | 551 | 603 | 657 | 714 | 774|837 | 902 | 971

10 | 213| 212| 210 | 207 |206 | 207 | 211 | 220 | 233 |251 | 273 | 299 |329 |362 | 398 | 438 | 481 | 526 | 575 | 626 | 680 | 737 | 797 | 860 | 926 | 994

11 |228| 228|227 | 227|227 | 230 | 236 | 246 | 260 |278 | 300 | 326 | 356 | 389 | 425 | 464 | 507 | 552 | 601 | 652 | 706 | 763 | 823 | 886 | 951

12 | 247 | 248| 248 | 249 {251 | 256 | 263 | 274|289 |307 | 329 | 355 | 385 | 418 | 454 | 493 | 535 | 581 | 629 | 680 | 735 | 792 | 852 | 914 | 980

13 | 270 | 271|271 | 273 |277 | 283 | 292 | 304|319 338 | 361 | 387 |416 | 449 | 485 | 524 | 567 | 612 | 660 | 711 | 766 | 822 | 882 | 945

14 | 296 | 297 | 298 | 301 306 | 313 | 323 | 336|352 |371 | 394 | 420 | 450 | 483 | 515 | 558 | 600 | 645 | 694 | 745 | 799 | 856 | 916 | 978

15 | 325|326 | 328 | 331|338 | 346 | 356 | 370 | 387 |406 | 430 | 456 |486 | 519 | 555 | 594 | 636 | 681 | 729 | 781 | 835 | 891 | 951

16 | 358 | 359| 361 | 365 [372 | 381| 392 | 407 | 424 |444 | 468 | 494 |524 (557 | 593 | 632 | 674 | 720 | 768 | 819 [873 | 930 | 989

17 393 395|397 | 4021409 | 419 | 431 | 446 | 463 |484 | 508 | 535 | 565 |598 | 634 | 673 | 715 | 760 | 808 | 859 | 913 | 970

18 | 432 433 | 436 | 442|449 | 459 | 472 | 487 505 |526 | 550 | 577 |607 |641 | 677 | 716 | 758 | 803 | 852 | 903 | 957

19 | 474 | 475| 478 | 484 |492 | 502 | 515 | 531|549 |571 | 595 | 622 |653 |686 | 722 | 762 | 804 | 849 | 897 | 948

20 | 519|520 523 | 529|537 | 548 | 561 | 577|596 |618 | 642 | 670 | 700 | 734 | 770 | 809 | 852 | 897 | 945 | 996

21 | 566 | 567 | 571 | 577|585 | 5% | 610 | 626 | 645 |667 | 692 | 720 | 750 | 784 | 820 | 860 | 902 | 947 | 995

2 | 616| 618|621 | 627 [636 | 647 ¢61| 678|697 |719 | 744 | 772 | 803 | 836 | 873 | 912 | 955 1000

23 | 669| 671| 674| 681|689 | 701| 715 732|751 {774 | 799 | 827 | 858 |891 | 928 | 967

24 | 725| 726 | 730 | 736 745 | 757 771 | 788 | 808 {830 | 856 | 884 | 915 | 949 | 985

25 | 783 | 785| 788 | 795 [804 | 816 | 830 | 847|867 [890 | 915 | 943 | 975

26 | 844 | 84s | 850 | 856 [865 | 877 | 892 | 909|929 |952 | 977

27 | 908 | 909| 913 | 920|929 | 941 | 956 | 973 | 993

28 | 974] 975| 979 | 986 |995




Toble 6: Summary of Properties of Cylindrical Shells and Excitation Fields Used in Analysis

Excitotion Field .'f"(f)j -17("')j
Structure <

Figure Ly R D Ke Hg Q
No. (in.) | (in.) lb~in. Ib/in. Ib/in? No. of Ducts | Reverberont | Boundary Loyer | f< fy f> Fo

36 349 { 104 | 3.24x10° | 4.7x10% 0.0139 | 15 0.428 0.596

37
38
39
40
4
42
43 16
44 Basic 16
45 SLA 16
46 | Cylinder 16

16

16

16

O () =
NN~

W wmun

47
48
49
68 v
9N M1, 12in.
92 M2, 12in.
93 M1, 61in.
94 349 | 104 | 3.24x10% | 4.7x10% 0.0139 | 15 M2, 6in. 0.428 0.5%

50 349 | 52 | 3.24x105 | 4.7x105 | 0.0139 | 15 16
69 52 v 0.214 0.298
95 52 v

51 78 | 16
70 78 v 0.321 0.447
9 78 v

52 156 16
71 156 v 0.642 0.894
97 156 v

53 208 16
72 208 v 0.856 1.192
98 208 .24x10% v

54 104 1x104 16

73 Ax104 v 0.856 1.192
4

99 SLA 1x10 v

55 . .62x10% 16
Cylinder
74 vith .62x 105 Nj 0.605 0.844

100 .62x10°
Parameter v
56 48 5
Variations -48x10 16

75 .48x10° v 0.302 0.421
101 .48x 10% v

57 .296x 108 16
76 .296x 104 V- 0.214 0.298
102 .296x10%| 4.7x10% | v

58 .296x 106 | 1.88x 106 16
77 .296x10% | 1.88x 106 v 0.214 | o0.298
103 .296x106| 1.88x10¢ | 0.0139 v

— ot ot ot ot O8N ON ON = e (D D DO W

59 3.24x10% | 4.7x105 | 0.0278 16
78 0.0278 v 0.605 | 0.844
104 0.0278 v

60 0.0556 16

79 0.0556 v 0.856 1.192
105 349 | 104 | 3.24x105 | 4.7x105 | 0.05% | 15 Vv

ar@ = s, /nt, f<h
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Table 6: Summary of Properties of Cylindrical Shells and Excitation Fields Used in Analysis (Continued)

Figure
No.

61
80
106
107
62
81
108

63
82
109

|

o A=A [, /61

Figure
No.

64
83
110

65
84
m

66
85
112

67
86
113

87
88
89
90
114
115

Structure

Republic
Cylinder
No. 12

Uniform
Cylinder

Uniform
Cylinder

Structure

Thin
Flat
Panel

. Center
Panel
9-Bay

9-Bay
Equiv.
Panel

SLA
Equiv.
Panel

!

Uniform

Cylinder
Equiv.
Panel

L R D Ko ve . Excitation F_ie|d _ () ()
(in.} | (in.) | tb-in. | Ib/in. Ib/in? Q No. of Ducts Reverberant Boundary Layer | f<f, f>f
54 | 18 7.65 | 2x10% | 0.002 | 30 16
v
' ’ 3 t s 1 /5 seale 0.916 | 1.280
54 | 18 7.65 | 2x105} 0.002 | 30 , v
48 | 12 T61.1 | 4x105| 0.004 | 30 16
48 12 ] 61.1 | 4x105)] 0.004 | 30 v 0.270 | 0.378
48 |12 611 | 4x105{0.004 | 30 v
8 |24 Jer.1 | 4xr05|o0.004 |30 16
48 | 24 |61.1 [ 4x105]|0.004 | 30 v 0.540 | 0.750
48 24 611 | 4x 105 | 0.004 | 30 v
,f <,
Table 7: Summary of Properties of Flat Panels and Excitation Fields Used in Analysis
Excitation Field
| by Px Py "o a G
(in.) (in.) Ib-in. Ib-in. Ib/in! Ducts Reverberant Boundary Layer
24 16 | 27.2 27.2 0.0032 (30| v
24 16 | 27.2 27.2 0.0032 | 30 v 0.101
24 16 | 27.2 27.2 0.0032 | 30 v
24 16 | 95 956 0.01 | v
24 16 | 956 956 0.01 30 v 0.032
24 16 956 956 0.01 30 v
72| 8.1 | 1.62x106 | 1.13x10¢] 00302 [30 | v
72.1| 48.1| 1.62x10¢ | 1.13x10¢| 0.0302 | 30 v 0.0129*
72.1] 48.1| 1.62x10% | 1.13x10¢| 0.0302 | 30 v
349 | 651 | 3.24x105| 3.24x105] 00139 [15] v
349 | 651 3.24x10% | 3.24x105| 0.0139 | 15 v
349 | 651 3.24x105 | 3.24x10%] 0.0139 | 15 v
12 375|611 61.1 0.004 |30 v
12 19 v
12 10 v
6 5 v
12 19 v
12 10 v
6 5 |61 61.1 0.004 |30 v

116

* D=1.40 x 10¢ Ib-in.

1
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Table 8. Summary of Shell Ring Resonance and Upper Limit Parameters of Acoustic Coincidence Frequencies

o s | vE | v | B | [ | T |
Shell Structure L 4 =) ) o =) ) c 1 (Ha) ¢ | ) (Hz) (Hz)

SLA (Basic) 1.33 -- - |1.82 | -- -- 14.73 | 0.0894 | 0.836 175.0 | (248) | (248) 302 322

(R =208 in.) 0.333 { 0.565 | 1.78 | 1.87 | 4.77 | 14.99 | 29.46 | 0.0632 | 0.1183 87.5| 91.6 | 288 302 322

(R=156in.) 0.593 | 0.685 | 1.46 | 1.61 | 6.69 | 14.24 | 22.09 | 0.073 | 0.1024 | 117.0 [ 128.8 | 274 303 22

(R=78in.) 2371 | -- - |18 | -- -- 11.05 | 0.1032 | 0.0724 | 233.0 | -- - 302 322

(R=52in.) 5.3% | -- -~ 1093 | -- -- 7.36 | 0.1264 | 0.0591 | 350.0 | -- - 302 322

(D =1.296x10% lb=in.) 5.3 | -- - {093 | -- - 7.36 | 0.1264 | 0.1183 | 175.0 | -- -- 151 16

(D =6.48x10% lb-in.) 2.668 | - - |18 | -- -- 10.41 | 0.1063 | 0.0995 | 175.0 | -- - 215 228

(D =1.62x105 lb-in.) 0.667 | 0.72 | 1.39 [ 1.56 [10.23 | 19.76 | 20.83 | 0.0751 | 0.0703 | 175.0 | 197.0 | 380" | 429 | 455

(D=8.1x 104 lb=in.) 0.333 | 0.564 | 1.77 1 1.86 | 9.53 | 29.99 | 29.46 ‘ 0.0632 | 0.0591 | 175.0 | 183.0 | 576 608 | . 644
(g =0.0278 Ib/in’) 0.333 | 0.564 | 1.77 [ 1.86 | 6.74. | 21.20 | 20.83 | 0.0894 | 0.0836 | 123.7 '129.5 408 429 455 |

SLA (g =0.0556 Ib/in?) 0.083 | 0.384 | 2.60 | 2.63 | 4.59 | 31.13 | 29.46 | 0.0894 | 0.0836 87.5 | 88.5 | 59 608 | 644

Cylinder (18 in.rad. by 54 in.by 0.02in.) | 0.022 | 0.272 | 3.68 | 3.68 |14.00 [189.5 | 199.0 | 0.0185 | 0.0194 | 1740.0 {1740.0 23600l 23650 | 23750

Cylinder (12 in.rod. by 48 in.by 0.04in.)| 0.194 | 0.482 | 2.08 | 2.13 |19.12 | 82.33 | 66.39 :0.0321 0.0252 | 2607.0 [2680.0 [11500 | 11830 | 11850

Cylinder (24 in. rad. by 48 in.by 0.04 in.) | 0.049 | 0.334 | 2.99 | 3.02 | 9.37 | 84.00 | 132.8 | 0.0227 | 0.0356 | 1304.0 |1313.0 |11750 | 11750 | 11850
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THE TOTAL RESPHNGY

TOTAL RESFONSE =

FMN/F
1000
14000
1,002
10053
1«01%
14029
1054
1092
lelby
le214
1303
leb1l
1539
1e687
1853
24039
2e242
2+463
24700
24955
3e2e5
3+511
3.813
hel30
bebe?
4e8L9
5e¢171
S5e548
50949
54939
S5+939
54949
¢339
5939
50939
5939
5+939

Toble 9: Forty Most Dominant Response Modes of the SLA Structure for One Comelated Duct, f = 175.580 Hz
170653y ACOLSTIC WAVELENGTH = 76546
FHN/ZF  u2h(nle  JENI(R). He BMN RESPONSE » CUMs RES. PR PCR  SXW/AW SYW/AW
Lelba Usr43R7  1e5UUIO 9.521 20000 24793¢465 24793465 414154 41154 14013 9999+996
14092 Uelod3y 100000 23+728 2000 167750992 4#1569+457 27846 692000 10140 9999996
12029 UsLD63% 100000 122,081 2+000 8008+910 49578367 13294 424293 1520 9999.996
1214 Ga1378% 100000 4¢310 2000 651500262 557282629 10+209 92.502 0912 99994996
1:005 CeuO139  1:00D0D 2174048 2+000 3120+118 58848746 5179 97.681 24280 99994996
1e000 UL L2 1e0U0LUY 2244900 24000 581759, 59430504 0+966 98647 4e559 9999996
1¢054 Gelditba  140L0CO 574736 2:0L0 349476 59779977 0580 99.227 10303 9953+956
1+014 CeLO01L 1000000 187.54U 29000 199743 59979719 0+332 99.558 14824 9999996
1e411 Usilbd2 1+00000 1+GUB 2¢0C0 158+314 60138531 0=264 99822 0¢760 9999996
1002 GeluG02 1+GU00C 223870 2¢00L0 522797 60191+328 0.088 99909 3040 9999996
1+3G3 0Ueld114 100000 2.021 24000 24+595 60215922 0+041 99.950 0+829 9999996
19687 QL0602 1400000 Qe¢293 24000 18.252 60234172 0+030 99.981 0+¢651 9999996
19000 UsLoulu  140U0D0C 224997 24000 4815 60238984 0008 99.989 Ge119 99994996
20039 VeLJ335 1.000CC 0«100 2000 3479 60242461 0006 99:994 0s570 99999956
1539 04,0032 100000 0+531 24000 1+753 602442211 0003 99.997- 0+701 9999996
2e463  GeLIZ219  1.0UD00 02039 2:C00 0+381 602454090 0+001 99.999 04507 99994996
14853 0eLO016 1000000 Qe168 2+0L0 0e271 60245359 0000 99+999 0e608 99590996
24955 Ue«LI156  1.00000 Q217 24000 0270 60245629 02000 100,000 04456 9999+996
3511 GeuN1L1Z  1.D00G0 C+CO8 2+000 0+09% 60245723 0+000 100.000 Ookié 9999996
2+24%2 LeL0U003 1400000 0+(062 22000 0061 60245781 0:000 100.000 0536 9999996
49130 OUelLCL93 1.00LCO GeCO4 20000 0037 60245816 0000 100000 0+¢380 9999996
20700 0VeuLV0L7 1400000 Ve025 2000 0017 60245832 0+000 100.000 O¢480 9999996
44309 0eLUO75  1e0uL0UD 0=u02 20000 0s016 60245848 0+000 100+000 0+351 9999.99%
5548 yeiL0V62 1400000 Ge01  240C0 0207 60245852 0+000 100.000 0s326 99994996
3+225 GeLO003 1020000 0s011 24000 0+006 60245855  0+000 1004000 Oe434 99990996
60345 UelLD0HI  100U0I0 0+001 2000 0e00H 602454855 0+000 100,000 0+304 9999+996
32813 GeLI0Us 1000000 Us 035  240L0 OenL2 602450855 0+000 100.000 0¢3986 9999+996
4eok62 el U3 1.0U0LOD us003 20060 0+001 60245855 0.000 100.G00 0365 9999.996
5+171  Geuf0U2  1200OL0 5a002 2000 0000 602454855 0«000 100.000 0e338 9999+996
5939 weL3002 1-0L00C 0001 24000 0000 602454855 0+000 100,000 Oe314 9999.996
5939 0«L72062 1.G0000 Us001 2+00L0 0000 602454855 0000 100,000 Oe314 9999.996
§¢939 OsLUC0¢  1¢0LOLO CsCJ1 2400 G«000 60245.855 0000 100000 De3l4 9999.996
5939 UeL0002 1+00000 ve031 2.00L0 0+000 602454855 0¢000 100.000 0e¢314 99994996
5¢939 (sL0OU0C 1.00U0LO vsGul 20000 0,000 602454855 0000 100.000 0e¢314 9999996
S5939 wvUel00UZ 1-50000 0+001 24000 G000 602454855 0+000 100.000 Qe314 9999+996
54939 ueLOLUZ2  1e00C00C Qeu01l 24000 0000 60245855 04000 100,000 Oe314 9999996
5939 GeLJuUZ  1.000VC 0+201 2+0U0D 0200 60245.855 0¢000 100.000 Oe3l4 99994996
50939 0UeLI00e  1.006GCC DsCOL 29000 Qe«000 602454855 0+000 100.000 Oe314 9999+996
5+3939  uelIUU?  1.00000 Us001 2+0C0O 0+000 602454855 0+000 100.000 0s31% 9999.996
$+939 00002 1.000UC veDO1  2+00L0 0.000 602454855 0000 100.000 0e318 9999+996
GF ALL BIMER 1EDES AT 175580 HZ = Q«00% 100.000
60245+409
HISTeiRAM PLUT BF Pe RCENTAGE FESPBNSL AGAINS1 NURMALISED RESBNANCE FREGUENCY.
cevamranpmcann e O cecacmcacecmmmaeaan
(o) 25 50 75 100
1 1 1 1 H
C
GOUOL
OCoLLOULL LU
3
COLOLOVOLULLUOLOULOLCWLUOLO00
LOLU_OLOL ZLLULLOLGLUIHLOLOU0COCOLO00OLBUD.
GGLOLOVOLY
LEGEND
FMN/F = R freq; y of m,n mode/freq
JZM(W) = Joint acceptance in x-direction, j:‘ (w)
J2N(W) = Joint acceptance in y-direction, jrzl(u)
=2
" H b/umJ
BMN = Bmn
RESPONSE = Rasponse of m,nth mode (g?/(psi)?)
CUM. RES. = Cumulative Resporse
PR = Percentage of total response for m, nth mode
PCR = Cumulative resp p ge of total
SXW/AW = Structural wavelength, x~dirscti 1 longth
SYW/AW = Structural wavelength, y-direction/acoustic wavelength

5933
5933
62345

73




Table 10: Forty Most Dominant Resporse Modes of the SLA Structure for One Correlated Duct, f = 247.780 Hz

RANK

VRN WU FWN -

THE TOTAL RESPHASL

"

FRELUENCY =

M

(alaFeleRef-NeRalsNelofoFol~Neolol oot e Yo alel el e Falallc ol e al e ol ol e a Xk =X 28 28 o

Fitn/F

1200
16331
1195
0863
Q023
Ge?774
lew4n
0+729
1313
0311
1e745
Q+712
Qo747
2¢09%
0-709
14589
0e718
2e4bs
0+710
2+927
1914
3408
2e285
3331
Oe /09
4eu96
Pe702
3.162
34664
4209
4209
44209
»4209
4e209
#4209
*a2U9
#2209
he209
44209
#0209

TOTAL RESFUNSE =

eolelby

2 (e

Lell3as
Lecwa9d

Ueui2el
Levitilh
Get Jusd
Uel0109
UL Iuld
Leudhol
Uevatie
Ve 2006
Usy J203
GelNGE
CeLul3e
UeL 002
LeLo1db
Gevslul
Uauldld
Usy U1K
GeL o101
GeL3GLT
Leu)0AU
0eL200%
Veo3Con
GerLJ0G7
VeLoLOD
OsLUD0Y
UL D003
OsL00U3
Ueauwul03
Qe U03
Geo0003
OeudN03
[VEXVPLITVE |
OeL 2003
GeuZ003
Oeu 03
Ge 0GOS

UF ALL UTAZR

eilalde

1+0.050
105950
leQulu0
1eCutOC
1GuuLy
100950
teguULOD
10Ul
1eCuOGY
1eCLLIG
1-00059
1.CulLY
100010
LeQLOUG
1+Cu000
1200030
100000
1eQulLO
1eQuUOOD
1+ QuloL
1+0000N
1+00000
1+Gulun
140000
120040
1+GouL0
1+9U00L0
100000
1+000U0
1+00000
140000)
1400000
1«0u0IC
100007
1s00332
1+Codue

10uuo0’

10009
1400033
1+0u200

2433 3hesey

e

BT A

ALRLSTIL

240994
240253
5265
14163
39.195
60103
Letal
4eL)3
1eR76
80327
UeP33
4e35
Se0(.55
Vel87
4+022
La#s?P9
4225
GCe037
4e022
Gaul?7
Uelal
UGG
Ledhe
0-00Y
34924
Ceuu3
ue2s
Vs0iZ
QeCOE
GeClH
Uelid4

AT 247478¢ n =

HISTIirkAM FLOT tF PECuivliask RESHANSE AGAINST NB~MALISED RESONANCE FREGUENCY.

FHN/F
0709
0e7.2
Ce719
Qe712
J+718
Qo723
Qo747
0e774
0s811
O«8¢1
0924
14000
1051
1195
14313
1443
1549
16745
12914
2094
2205
Be4nd
2e7L2
24927
3el62
3e4ud
Iebeh
3e931
40209
o209
4e2.9
40229
40203
#e20L3
40209
he2yu9
#e2L9
#2209
#e2.9
hes9b

0
1

26

1

TULLLLULL LU IUNLILOLY L GLILD005I00L0VLLILULYIVOLOUUGE000050000000000000C00000000000
PRIV IOV R BTNV

WAVELENGTR = S4e24C
14N RESPANSE « CUMe KESs PR PCR  SXw/AW SYW/AW
240069 2791994313 279199313 B80e152 80152 1072 9999996
22000 625360352 341735625 17953 98+105 0990 9999+996
2+0u0 4484 e RIR 346220500 1288 99+393 00919 9999¢996
2=00L0 1322+ 766 347543250 0380 99773 1+287 9999.996
2000 4210943 347965.183 0121 99894 1170 9999+996
2+00L0 1520374 348117250 Qe Qb 990937 1+609 9999996
26000 105727 348222+938 0030 99.+968 0«804 9999.996
2¢0L0 38870 3482614750 G011 99.979 20145 9999996
2-000 2le166 348282+875 0006 99.985 0858 9999.996
2+CL0 16676 348299.500 0+005 99990 10430 99934996
2.000 12363 348311813 0« 004 994993 0+715 9999¢996
2000 11737 348323+500 04003 99:996 3217 9999996
2. 000 3e223 3483264688 0001 994997 14838 9999996
2+00L0 24581 348329.188 0001 99.998 O»643 9999996
24000 24463 348331+625 Q+001 99.+999 6434 99994996
2000 1e439 348333063 0000 99999 0757 99994996
24000 Qe 946 348334.000 0000 99.999 2+574% 9999.996
2,000 0s711 348334688 0+000 100-000 0+585 839994996
2+¢0L0 Qe261 348334.938 0.000 100000 4289 9999+996
2e0uQ Qs 240 348335.12% 0¢000 100.CO0Q 0e¢536 9999996
2+000 0236 348335.313 0000 100000 0677 9999+996
2.00L0 0093 348335.375 0+000 100000 Ce435 9999996
2000 0.058 348335.375 0000 100000 0+613 9999.996
2000 0.039 3483354375 0«000 100000 0460 9999996
2+000 QD26 3483354375 0+000 100s000 122868 99599.996
2.000 0.018 348335.375 0+¢000 100.000 0:429 9999996
2+000 0+018 3483354375 GC«000 100+000 0¢559 9999.996
2+0u0 G006 3483354375 Ce000 100¢000 02515 9999+996
2000 0203 348335#375 0000 100.+000 0477 9999:996
24000 0001 348335.375 0¢000 100.000 Oshky 9999996
2000 Q000 348335.375 C.000 100.C00 Osbbks 9999996
2+000 0200 348335375 0:000 100.000 Osbiy 9999.996
2.0un 0+200 348335.375 0¢000 100000 Oedbs 9999.996
2+0090 2000 348335.375 04000 100.000 Oebbs 99994996
2e00N 0+000 348335375 0000 1000000 Oehtdd 99990996
2+000 0+000 348335375 C+000 100+000 Qshiy  9999:996
2000 0300 348335.375 0«000 1004000 Oskid4 9999.996
2000 Qe200 348335.375 0+000 100000 Qedhiy 99994996
20009 0000 348335.375 0«000 100.000 Osdhy 9999996
24009 1¢000 348335375 C+000 100,000 Qehih 99959996
02250 100.000
50 75 100
1 ! 1
LEGEND

FMN/F = Resonant frequency of m,n mode/frequency

J2M(W) = Joint acceptance in x-direction, j:‘ W}

JZN(W) = Joint acceptance in y-direction, jz(u)

= H2

H =H (u/umn)

BMN = Bon

RESPONSE = Rasponse of m, nth mode (g2/(psi)?)

CUM. RES. = Cumulative Response

PR = Percentage of total response for m,nth mode

PCR = Cumulative resp P tage of tota! resp

SXW/AW =S | length, x-direction/acoustic length

SYW/AW = St ) fength, y-direction/acoustic length
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Table 11: Fosty Most Dominant Resporse Modes of the SLA Structure for Sixteen Uncormrelated Ducts, f =89.125 Hz

RANK

VoSN Irwhe-

THE

Fi

NS PO WP rFrOUWROCCCURLIFLOC U IR ITC I TS S

FREWLJENCY =

N

-
W-COXRN~CWOUNNSFVROFURCUNNOINCWNENWWFC N0 F

TUTAL RESPONSE

FHUN/F

14024
De348
0+925
1+G70
1167
10163
1275
0950
1245
1257
1264
Qe922
1470
1e428
Q+922
1¢C54
1553
1709
1e401
1391
1139
14511
Ce741
1.0C8
Qe7€2
1660
10495
1e465
0823
Oeb8E
14997
1651
1981
1914
1315
1+624
1935
1.799
1+851
057

TOTAL RESPFONSE =

HISTEGRAM

FmbisF
0e578
Oebn8
0s7%1
Ue7¢2
GeB23
Qe9c2
0+9z2
0495
0948
09250
1009
1e0z4
10054
1:070
10139
1e1e3
1ele7
1245
10297
le264
10275
1+315
1+351
1e401
1ekiz8
1e469
1e470
10495
14511
1553
126ch
14651
16660
1¢7¢C3
1799
1s851
15914
14938
1e9¢1
1957

[}
1

PLCT

504182

Ja2h.lede

Vs 15352
Uel33b2
Ue15354
Ge15352
Uecsiu3
Oeiulbs
VeduGa s
Yelly717
Ue 15352
Gogalb3
(019352
LeL0717
GecaUnl
Vet nlies
GeLG37e
CeLildye
Leib352
GernGhy
Cel4764
OeL 4784
Cel 0717
Le15352
Call717
Uel JL29
Cel U717
Ueculhs
GeLn7b4
Uelu784
CelL37¢
OeL G717
Uein0ul
Celn7b4
Ue153%¢
et w43
QeL3717
UeuaZby
Ceziniu3

[XYVVEY

JEN(k) e

Q-0u317
QeQu2al
QeCUESL
0+00199
00020
Qs 0U240
C+00317
GeOUL347
0e0U347
0+00199
OeQULES
000199
Qe0LILT7
Qe0UlBR
Ge0U371

LeLU1SS

0.00371
000371
0-0026L
UsGLEHC
000158
000120
GeOLIL?
0+0L15E
Ve 00ESG
0-001z0
Q00317
0«00199
G+0OU199
QeQuezsU
0-00L39]
000037
0+00391
0s0u3ne
U«Gu371
Q+0UL1%%
OeOulse
GeDulEE
UsQulob
UeHudae7

ACHUSTIC WAVELENGTH =

He

léceS42
694571
400144
38314
Te314
7657
24516
73841
3e219
20921
2739
38.258
Ge73%
0+914
3ke220
57336
[P 13
Ge270
1069
1.130
10.680
Le6CH
44854
¢07e209
Se613
Ue32s
Cehb?
Ce741
Ge34b
de576
Ge112
Uedda
uel17
Celal
1253
Gedl?
Le131
G139
0-169
2251

€F ALL UIHER MUDES AT

“dnv5e270

UF FreoCENTAGE PESPONSL AGAINST NORMALISED KESONANCE FREGQUENCY

LeCOLuLLL LLL

9

CG00OLNU0LLOLLLLOLL

BMN

34543
3787
3+698
Je 842
3698
30787
3¢543
34240
3240
Jelbsp
3.878
3.842
3e240
34878
2e5e0
3eb78
2+560
2+560
34658
787
3+878
3903
34543
3.5678
3677
349(3
3543
3842
3.847
304698
2¢GC0O
36240
2600
1,000
24560
3e578
3921
3+921
14000
34240

49.125 HL =

0CLOGOLOL JLOL0LIVOLHLHLOLCUZLILULO00LOCOUOUL0UC

OCLOLOLY

Cou
[vie]e)

e}
9
o

150.799
RESHUNSE « CUMe RES» PR PCR  SXW/AW SYW/AR
20387855 20387855 464500 #6+500 10157 0+067
5045941 284334797 1B+3S1 64850 1¢157 0045
5288375 33722172 124061 76912 14157 0054
3702.627 37424797 BeksS B54356 1157 0039
1508851 389334645 Beih] 884798 0926 0+054
13864752 403200395 3¢163 91961 0926 00045
561.908 408822301 1-282 93.282 0926 0067
#9346k 41375.762 1125 94¢368 1543 04090
4604815 41836574 1+051 95e419 14157 00090
4440327 422800898 1013 96+432 04926 04039
213749 42494645 Q488 96920 1157 0034
173527 426680168 00396 97315 14543 0039
164320 42832984 0376 97+691 0926 0090
1124155 42945137 0256 97947 0926 0034
111803 43056938 0255 98202 2314 0135
108427 43165363 Qo247 98449 2314 00034
60144 43225504 0137 98586 1+157 0+135
51031 432764531 Gellé 98703 0926 0e135
43887 43320418 00100 98803 0778 0054
40s 743 433614160 0093 98896 0771 0045
38+920 43400078 Q«089 98985 1543 0«03
36117 434369191 0+082 99+067 1157 0030
32326 43468516 0074 99141 1543 0067
31055 43499570 0071 99+212 4e529 0034
30310 43529.879 00069 59.281 1543 0e04S
30+273 43560+148 0069 99350 0¢926 0030
28970 435894117 0066 99416 06771 00067
224420 43611535 0051 99.467 0771 0039
22+002 43633+535 0050 894517 2314 0039
21+997 436550531 Q050 99567 1+543 0«054&
17-343 43672914 0+040 99.607 00926 9999996
14+597 43687+809 0e034 99641 0771 0090
11+A04 436994410 0026 99667 10157 9999.996
10« 784 43710191 0025 99.692 0926 0e270
LU» 447 437204637 0024 99+716 1543 00135
9.049 #3729+684 0021 99736 Qs771 0034
BsR60 437384543 0020 99.757 0926 0027
8600 437470141 0020 994776 1157 00027
8.305 43755445 0019 99.795 1.157 0270
7405 43763250 0:018 95813 2e314% 0¢090
82+020 100.000
50 75 100
1 1 1
LEGEND
FMN/F = Resonant frequency of m,n mode/frequency
J2M(W) = Joint acceptance in x-direction, jr:(u)
J2N(W) = Joint acceptance in y-direction, jrz‘(u)
= K2
H =H (u/umn)
BMN = ﬁmn
RESPONSE = Response of m, nth mode (g2/(psi)?)
CUM, RES. = Cumulative Response
PR = Parcentage of total response for m,nth mode
PCR = Cumulative response percentage of total response
SXW/AW = § | length, x-direction/acoustic length
SYW/AW = St 1 length, y-directi /e o langth
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Table 12: Forty Most Dominont Response Modes of the

FREGUENCY = 177527

RANK M [ FHN/ZF  u2r{sds  J2N{W)e
1 9 5. 1044 Uec3269 0000220
2 9 L] 1+C51 Uec3Zud  0eUL317
3 8 3 04985 Usiw97% 0eDU347
4 95 & 10660 Lec 3269  0e0UUR40
s 9 3 14G73  Crc 36t 0s00U347
6 & 7 0974 Geus97h 0404199
7 & @ 16032 Oei4975  Ge00371
8 9 2 1100 G 3269 Qe0U321
9 8 & 00949 Geu+975 0e0U317
0 95 7 10103 Uez326Y 0s0UID0
11 & 6 0935  Celw975 $e0a240
12 8 8 14045 ULeus375  0«0ULLE
13 &8 S 06325 LeuwY7H  0e0UBHE
4 9 ¢ 1¢130 Lec3d269 0303yl
15 10 & 12160 LelbZoe9 Qe0UNT7
16 10 3 10169 Cel68&3 0e0uds?
17 10 5 14166 Te.42483 (sDV2HL
18 9 1t 16122 Uecd263 000U3c6
19 8 ¢ 10078 Cev+9735  De0J391
20 1L & 1+182 Je0Qu371
el 9 3 1176 JeLULYA
22 & 1 1065 UeGu3eb
23 U e 1,191 0+002406
2% & 0 1s016 0OeLuUb22 0e0u391
285 1w o 12199 (einddd 0s0U391
26 10 7 10241 Le36289 0006159
27 o6 1 0+988 GeLdh22 0e0u3s6
28 10 1 12194 Usioded 0s+0u3ds
29 9 S 12276 0ei3Pk3  0+0U120
v 7 & 0372 0sL3197 0Qs0u37Y
3t 8 9 10146 GeL427% 0s0ul2n
32 4 ¢ 0s933 LeLJ117 0e0U391
33 1o & 1316 Cel5282 0+0U15K
3% 6 2 Ce917 CeLDbZ2  00G3I7]
¥ 7 ¢ 1+C41 (eu0197 0e0u391
% 7 9 14028 (L0197 C-O0ULLEC
37 7 14082 Ge01897 Ue0L3Ins
388 o6 9 08923 UeLI%2e 020120
3% 6 1C 1058 VelLIB2¢  J-O0u0BE
40 9 1C 10402 L3269 ULULORE

THE TOTAL RESPONSE UF ALL 31mc< MuDe

TETAL RESFONSE = 340750313

SLA Structure for Sixteen Uncorrelated Ducts, f =177.827 Hz

HISTuuRAM PLST BF PexCeNTASE SESPENSEL AGAINST \UKAIALISED RTSONANCE FREQUENCY.

ALOUSTIC WAVELENGTH » 75579
He BHN RESPONSEs CUMs RESe PR PCR - SXW/AW SYW/AN
77567 30698 15487770 15487770 160463 16+463 1.026 0108
634026 3543 13625160 291124930 14+483 30946 1.026 00135
2034939 34240 9458586 38571516 10+0S4 #1.001 10154 0e179
40e517 3787 86794766 472514281 9226 S50e227 1026 04090
35.453 34240 7691363 549424645 84176 584403 10026 00179
1450031 3+842 4592707 59535352 4e 882 63285 1+154 0077
113173 2560 44270391 63962742 4706 67991 14154 0269
20«G74 24560 3673248 67635+938 3905 71896 1026 0s269
72318 30543 3342+282 709784188 3.553 7Se ka8 1154 00135
154945  3e842 2789566 73767+750 20965 784413 14026 0077
50757 3787 s 1902279 75669813 20022 80435 14154 0090
74422 34878 1882.177 77551938 24001 82436 1154 02067
43044 30693 1853747 794100625 10976 Bhed12 14154 0e108
12140 2000 1B27+606 81238188 10943 860354 14026 99994996
7+926 3543 1199444 824374625 10275 87629 0924 0135
7161 3240 1057 e422 83525+000 10156 884785 0e924 0179
74397 34692 1033.906 845584875 12099 89884 0924 0e108
13799 1000 1025366 855844188 1090 90974 14026 0+538
31830 24000 10240421 86608+563 1089 920063 1¢154 9999.996
6074 24560 778098 87386+625 0s827 92890 00924 0269
6+551 3878 7744931 88161+500 0824 93714 1+026 0067
43361 1000 684077 85845563 Qe727 S4e il 1154 0538
5491 3787 6734783 89519.313 0716 95+157 04924 04090
177+284 £+000 598+834 90118.125 0637 95+79% 1539 99994996
S5+C50 Ee0ULD 532122 90650+188 0566 96+359 0e924 99994996
3+355 3ed42 3454809 90995.938 0¢368 96727 Q924 0077
z05.096 1000 3410959 91337875 0363 97.090 1539 0¢538
5311 1000 276+241 91614+063 0+294 974384 0924 0538
2e488 3903 225178 91839.188 00239 97623 1.026 0060
1384625 2¢560 2144599 92053750 0s228 97851 1319 0e269
9e5A9 34903 1854139 92238.875 0+197 984048 10154 0+060
217677 Z24GLO 165+371 92404+188 00176 98224 22309 9999.996
1284 3eb7k 152+ 389 925564563 0e162 984386 0+924 0067
34194 2ebeo 1404398 326964938 0+149 98535 1539 00269
854002 24000 1038+255 92805+188 0+115 984650 1¢319 9999996
125+38C 3.9L3 95989 929014125 0e102 98752 1¢319 0060
151102 14000 Y4988 92996+063 0¢101 984853 1319 0538
38715 3903 7Bs612 93074+625 0+084 38936 1539 0060
520533 3.921 77s024 931514625 0+082 99+018 1539 0¢0S4
1:G65 3921 69614 93221.188 0074 99.092 14026 0054
3 AT 1774827 HZ = 8544125 1000000
[¢] 25 S0 75 100
RANK FMN/F 1 1 1 1
34 Q917
38 Q93
13 Qs9z8 WO
11 Ge935 (LU
9 Qe949  L3UU
30 0s972
[ 0+974 LOOUL
3 0e983 00UGLOVLUYD
27 0+¢9a8
32 0e993
24 1+0i6 O
37 1e022
36 1+0c8
7 14032 00UGu
35 1041
1 1044 OCLOLOOOL JUJLLLY
12 1045 00
2 1051 000GLOUDOUOUDLD
39 1058
L 14060  0I00LLOVO.
22 1065 O
5 1073 00000000
19 14073 0 LEGEND
8 «100 000
10 i, 123 ooou FMN/F = Resonant frequency of m,n mode /frequency
18 1e122 © J2M(W) = Joint acceptance in x-direction, j’ W)
14 14130 00 o T
31 lelub JZN(W) = Joint acceptance in y-direction, Jn(u)
15 1e160 G = H2
17 10166 G H /o)
16 10169 G BMN = Bmn
21 lel76 U o2
20 1eii2 © RESPONSE = Responsa of m,nth mode (g2/(psi)?)
23 1.191 0 CUM. RES. = Cumulative Respomse
28 1elys PR Percentage of total response for m, nth mode
25 16199 ¢ PCR = Cumulative of total
26 1e24} SXW/AW = § | lengt direction/acoustic wa gth
29 1276 SYW/AW = Sh ] 1 h, y-directi /e . 1 1
33 14316 b i
40 1e4g2

76



Toble 13: Forty Most Dominant Responss Modes of the
FREWUENCY

RANK

VoeNechrwn-

THE TOTAL RESPONSL

+

CWENVCO I NWE YR O FNTWNOCNYPONSONC ENWESC TN S W

-

Fon/E

1+C14
1G17
1017
1030
1022
1020
1058
1+112
1108
1123
1107

1ell2

14143
1107
09986
1177
1165
14014
1.226
04952
0946
0+939
092k
1045
G326
0.922
1-29¢
0949
1e246
02934
1.223
1213
124G
1207
D858
1375
Qo874
1e267
0+8%3
1012

TOTAL RESPONSE =

Jeninde

Geibbzi
Geia322
Ue15922
Ge16222
Gelblze
Lelb92e

Uet1C0G3
CeL LG
Gel10LGC3
CeC1L03
GeLILOS
Cel 1003
Lel 103
Ger2972
0eL 1003
Uel6522
CelO776
Ge( 4154
Gel4154
Lelwlb4
CelnibSe
OeL 0776
CeceS7c
Qe U775
Uel 4154
GeL0776
Uel 0157

BF ALL bTmER MGLES AT

JEN(w}e

ueGU3e?
Ge0QU317
0°00371
GeQUEbU
400391
UeCL3bB6
00024
DeLU3N?
V.0037)
CeCO317
U+00L391
Ge00U199
0002t C
[FLYS{OET Y
LeGUL1Z9
Ge00ESC
VeLUILE
Ge 00120
Celu199
0CU3EY
DeOLR4C
000371
ColL3N7
Qs00158
0«002&C
000317
GeOUL1LE
GeD0306
0eG0L1CC
G L0158
00037
000371
0400317
GeLL391
L.0L32]
GeGL1ZC
0-00L371
Oelu2eC
Oelu3u~
C=0U0ES

15623€6.250

SLA Structure for Sixteen Uncorreloted Ducts, f = 223.871 Hx

1654378
172310
1740231
117518
151118
155112
B52+558
16233
17485
134587
1783C
12013
90064
17+505
194429
6457
7928
1860216
ERR-L Y-S
79+C63
€7.125
bEe10%
430493
74275
41563
37924
£+19%
71534
3+20¢
420648
3062
4he364
3387
be 640
Zhe197
1eZ4e
164918
2ebEE
12+84%
195732

3e240
3.543
2e¢500
Je658
2000
1000
30787
3240
2e560
34543
2CL0
3e842
34658
1000
3842
3787
3.878
3.903
Je 842
24000
3787
24560
3240
3.878

30698 .

3+543
3878
1:000
3903
34878
3e24C
24560
34543
2+000
2+0L0
3.903
2s560
34698
3240
3.921

r23«871 nZ =

AISTOGRAM PLLT 6F FE~CENTAGE FESHEONSE AGAINST NUNMALISED RESONANCE FREQUENCYSs

FMN/F
Qe853
0:874
0.898
Q922
0e9¢6
0928
OeS34
0939
Ce94é
0949
0+952
0986
1=012
1e014
1e014
1.017
14017
1020
1eQc2
14030
1045
1.058
lele2
10107
1el07
14108
1e112
1123
1143
l1e165
10177
le207
1e213
1.223
1+226
le240
1e246
le267
le292
12375

[
1

0LOLLOLGL CILLLLOLOL
0OGCULTLOLUlGuCe
OGUOLLULLLILLLOLLL

OOLOL

0CCLLOLOoL UL
GLeLLOLLLLL

£
1

RESFONSE CUMs RES. PR PCR  SXu/AW SYW/AN
29247020 29247:020 18717 18717 14057 0e226
27083809 56336828 17337 36054 1057 0+169
23194090 79530+875 14e844 50+898 1+057 02339
17064 480 96595.313 10+921 61+819 1057 0e136
1654442355 113139+625 10588 724406 14057 9999.996
HS44¢348 12168349238 Se468 77+875 10057 0678
6699+996 128383.875 he288 82162 1.057 04113
3476228 131860+063 24225 844387 0969 0226
3158753 135018813 2-022 86+ 409 00969 0339
2899714 137918500 1+856 88+264 0969 00169
P649.349 1405680313 106956 89960 0+969 9999+996
2089441 142657750 1337 91297 14057 0«097
1964152 144621875 1257 92554 0+969 0el36
13064377 1459284250 0836 934390 0969 0678
1236+655 147164875 Q791 944182 1e163 0097
1117.299 1482824125 04715 94+897 0+969 0e113
6474612 148929.688 Oobls 954311 1¢057 0085
567+906 149497563 0363 950675 10292 04075
558436 150055.938 0357 96+032 0969 0097
513.092 150569+000 Qe328 96+360 10163 9999996
507226 151076+188 G+325 96685 12163 Qel13
#4562 151518.688 0e283 96968 1163 0339
406+752 151925+438 0+ 260 97+228 14163 0226
378779 152304188 Qe 2h2 97471 10163 00085
357751 152661+938 0e229 97+700 1163 Qe136
353424 1530154313 0+ 226 97926 14163 Qe169
256+ 364 153271+625 Qe 164 984090 0969 0085
229148 153500750 Oel147 98237 1e163 De678
211e166 153711.875 00135 98+372 1.057 0+07%
155.4823 153907+688 Qe125 980497 10292 0085
153.707 1540614375 0098 984595 0+B9% Q226
1424552 154203+875 0091 984687 0+894 04339
1300711 154334563 0084 98+770 0«894 Qel169
124+699 154459250 0+ 080 98850 0s894% 99994996
121-429 154580625 0078 98+928 1292 9999996
111333 154691938 0071 98+999 04969 0e075
1U3.218 154795+125 0+ 066 99.065 1292 0339
95:692 154890813 0061 99+126 Qo894 De136
92908 154983+688 0059 99186 14292 Q226
560197 155069875 C+0S85 99.241 1+453 0068
11864375 100.000
50 75 100
1 1 1
LEGEND
FMN/F = Resonant fraquency of m,n mode/frequency
J2MW) = Joint occeptunce in x~direction, j:‘(u)
J2N(W) = Joint acceptance in y-direction, ]:‘(u)
2
=
H H @/ama
SMN = ﬁmn
RESPONSE = Response of m, nth mode (g?/(psi)?)
CUM, RES. = Cumulative Response
PR = Percentage of total response for m,nth mode
PCR = Cumulative resp P ge of total resp
SXW/AW = Structural length, x~direction/, - length
SYW/AW = Structural wavelength, y-dirsction/c i length
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Table 14: Forty Mast Dominant Response Modes of the

RANK

VNN EFWN -

THE TOTAL RESPUNSE

M

FRELJENCY =

N

-
COREMOMNCOARUERNRWERe PR FCWENOMEWOCOSNNWNG

F.oN/ZF

0e9E7
1.011
0998
1.329
1.C23
1315
1350
14343
Qe9%t
0+989
1450
1377
1029
10434
1086
1097
1e471
1110
1eh2E
04935
1499
1e4ll
1e129
1+3C6
00991
1533
0919
1452
1089
14053
1+425
1ei54
0.992
14575
Ce908
1066
10429
14623
0+895
lelb6

TBTAL RESFUNSL =

AlSToucAl: PLET 86F FE~CLNTASE RESHONSL

FMN/F
Q899
o1 3°191:)
Q0«919
0935
Q9%
0987
[o13-7.%]
00991
0992
Q.998
1.011
1s023
1G9
14023
1066
1026
1+0&9
1.097
1110
1129
lelta
1e126
14303
1306
1315
1+329
1+350
1377
le411
ledk2e
10425
1eb3h
1450
1e452
1e471
14499
1¢499
1533
1+5/5
lebe3

k=]

anooo

3Jcelll
et (alde

Uer G263
Usuulab
Qe l14¢
Lelbs6s
Vel lz6?
velb363
Leib363
Uel6360
Uel 269
Leuilag
Lez3cbe

Us 16363
Le0S34
Lelb36,5
GelO146
Lec 3266
UeL T2
Gelo363
UeL IS34
Geldlse
Lec3Ze4

LeLo2es
Gel593

CF ALL 81rbk (iLUES Al

6519

JEN(F ).

GeQUZ WL
Ue0U347
0e0GL371
0o 0U347
Gell1%S
0eCC371
CeGU317?
GeOU331
LeClu2=C
OeCU3LL
GeUL3a7
O CuiaC
JeGUILY
GeCL3/7%
Ce003%3

"L G037

UeCL317
0eGG3a7
[PXYec-R
V03317
$e002C
Gelozel
Ce0J317
Celu326
Qs 0U3=6
GsCuz4C
Ge0U347
Qe0u199
Ce0U3ee
UebiEsC
GeCLU3sF
CeQUEBC
GeGUCré
000199
Ge QU371
uvelultt
CellL1>
UsOUISH
00031
GeLu2et

548

ALOUSTICL wAVELENGTH =

Hae

199-017
199421
eP9eEGe
1067¢
147096
10857
12458
ze(21
91e7C2
cGb9435
Cezlk
1220
123+30%
Ce&B7
2hsEal
21+567
o733
16+565
Ur 947
ble2uk
Ce€32
14008
12318
1.97¢
213049
0544
39771
(o209
2oegsl
60079
L9372
baba6
clée6lE
[T
244853
LTIyt
[y
Ue373
24wtll
SeEg)

EFMN

3e787
3240
2560
30240
3eEa2
20560
34543
2e0LC
3+£98
2+000
3240
3658
3eE43
2560
2000
£+5€0
34543
3240
2+CCO
34543
34698
30787
3:543
1000
1+CLO
36727
3e240
3e842
1+CLO
30658
1+CLO
30698
3e€21
JeBa?
2+56C
34878
3ab7R
3578
2000
3e727

3364105 nL =

8

SLA Stucture for Sixtesn Uncorrelated Ducts, f =398.105 hz

33.760
RESPCNSE » CuMe RESs PR PCR  SXW/AW SYW/ANW
4052995 4020995 60181 64181 1e292 QOe201
270+566 673+560 4s150 100331 1216 0402
257727 931.287 3+953 14284 1216 00603
2554626 1186+914 34921 18+205 1034 0e02
2514735 1438+648 36861 224066 1292 0e172
2384964 1677612 3665 25+731 1034 0«603
221660 1899.272 3+400 29+131 14034 00301
213.915 2113187 3e281 32.412 1034 9999.996
211521 2324708 3244 35+656 1292 0241
154358 2519063 e 941 384637 1¢216 9999996
177+467 26964530 2+722 41359 0985 Q402
1724552 28694082 20647 44005 1403% Qo241
166707 3035789 24557 460562 1.216 0301
162+264 3198+053 2+489 49051 00985 00603
1614062 3359.115 2¢470 S1.521 10149 9999.996
156459 354174573 2430 53952 1e149 00603
158su14 3675987 2430 56+381 Ce9585 0301
146907 3822894 2253 584635 1149 0s402
142573 3965466 2187 600821 0+985 9959996
127.975 4093441 1963 62784 le292 0301
1e7+6C5 4221.Q43 1+957 GheT4] 0985 Qe241
1z4e¢258 4345301 14306 664647 14034 0e¢201
106+923 44524223 14640 684287 1e149 0304
103365 4555586 1585 69873 14C34 14205
99380 46544965 1524 710397 14216 14205
95e413 47504375 1ek63 724860 0+985 0+201
59649 48400023 1375 74235 1.292 0402
836742 4923762 1+284 75520 1034 0e172
75+308 4999066 1+1585 764675 1149 1205
75022 5074086 14151 77+825 1e216 Oegél
69219 5143.301 1062 784887 0+985 1205
680835 5212133 1056 79543 10149 00241
€8¢703 52804836 14054 B80+996 1477 0121
66 B84 6347719 1.026 B2e022 0985 0172
6(e992 5408.707 0935 82.958 1292 00603
57+469 5466176 0e881 B83+839 1292 0151
L3052 5519.227 Ce81% 84 v 653 1034 0+151
44+C88 5563313 Ce&76 85329 0985 0+151
43e146 5606457 Qeb662 85991 1292 99994996
4Ce 967 5647+422 0.628 864619 10149 0201
872¢426 1004000
AGAINST NUR“ALISED RLSONANCE FREGUENCY.
SC 75 100
! 1 1
LEGEND
FMN/F = Resonant frequency of m,n mode/frequency
J2M(W) = Joint acceptance in x-direction, jm(u)
JZN(W) = Joint acceptance in y-direction, j:(o)
= y2
H H¥ /v )
BMN = 3mn
RESPONSE = Response of m,nth mode (g2/(psi)?)
CUM, RES. = Cumulative Response
PR = Percentage of total response for m,nth mode
PCR = Cumulative resp p tage of total resp
SXW/AW = Structural wavelength, x-diraction/t i length
SYW/AW =S ' length, y-divectl . tength




Table 15:

RANK

WONCNFrWh -

THE TOTAL RESFONSE

h

CHEFUWURNERNOUIE R, LORRWNOWONEF FUOROES =N EN =S PO

Forty Most Dominant Responte Modes of the SLA St

FREGUEMNCY =

N

FOCPOCCOCOCRNUNCRNORSUCOWRNNOESIFNWINDIRLOPCW =0 We

TBTAL RESPBNSE =

FMh/F
0223
00270
Q357
0398
Qe457
Oeb36
Oe5€8
Q578
Geb632
[oXY-2-1.1
Qe741
0.762
0e772
0+823
0917
0.9z2
0922
0925
[sX3-1%.1
0950
1+CL9
1e024
1+0ts
1.070
10139
101¢3
1e1e?
1+245
1275
1315
1470
1e455
1+531
1563
1709
1.751
1970
1.970

for

Reverb Acoustic Fleld, f = 89.125 Hz

4Fe12z ALBUSTIC WAVELENGTH = 150.799
FMNAF  U2idade  UBhiw)ae He BMA RESPBNSE o CUMes RESe PR PCR  SXw/AW SYh/ANW
1eG24 0eL3149 GeQULLT7  142.942 2543 21625215 216250215 #3420 434420 10157 1079
0¢950 GelU6EL Us11ULA  73eb&1 34240 14473285 360984500 25060 724480 14543 10439
00922 Ce10710 611217 38220 7560 6083.953 42182453 124216 844695 2314 20158
9517 Ge3G79u Ce1126% 340132 14000 21504806 443334258 4318 B9.01% 4e629 #4e317
Oe741 Ue1GbELl 0«09L17 he§Dh 30543 ES52e560 451854816 17412 90725 1+543 14079
1e245 Ce(9143 Ce110C4 3219 3ez40 543+569 55729+383 1091 91.817 10157 10439
C+925 UeiL9149 Us00673  4Celhd  3+698 473100 46202+480 04950 92767 14157 0863
10009 0ei0G79u CeOLIGH 207.269 36578 4712884 466742363 00947 93714 40629 0e540
0578 (Le1C710 0e110CH 2e251 3e240 k440823 47119184 0893 94+607 20314 14439
0e948 Ce(9149 D0-0CELS 69571 3e787 3300063 474490246 00663 95270 14157 0e719
10316 0+iGL21 0s11217 14853 24560 292+589 477414832 0+587 95858 10543 20158
00457 Cel(7lu  0s09017 15946 3543 2824580 480242410 0567 96425 2+31s 1079
00223 (10750 Ge11004 10107 3240 220+455 482440863 De#43 964868 %4629 10439
0e3b7 (10790 011217 12313 24560 210535 484554398  0e423  97.290 44629 20158
G270 Leil79. Ge09L17 10163 34543 207+582 486620980  O(¥7  97.707 44629 1.079
10275 Uel4168 "0.08017 2¢516 3+543 173-382 488369359 (e348  9B.G55 04926 12079
1004 Ce31C710 0-0LICS 57336 34878 129+569 4B8965+926 0+260 98+315 2431 0+540
Ge922 (e206E1 (e0L1S5S 38258 3+842 125+370 49091+293 0252 98+567 1+543 00617
1070 GeL9143 Ge0UISS  35e114 3elu2 107585 49198+875 0+216 984783 10157 00617
14553 GeL3149 "(e11217 0s498 24560 67+743 492660617 00136 984919 14157 2¢158
1470 UeL4lbs Ce11004% 0e735 3240 564557 49323.172 0114 99,033 0¢926 10439
Oe6b8 Uel062) 000673 3¢576 3+6598 480930 49372102 0+098 99+131 14543 0863
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0762 UelU6Z1 GelURES 5¢613 30787 300917 494760672  0e062 99341 1+543 0e719
0eB23 ULe1u710 0s00ILS 9e348 3e842 3Ce886 4#9507+555 04062 99403 20314 0e617
Ce#96 Le1T719 UeQUEYS 1756 34698 24228 495314781  0+049 994451 20314 00863
16139 (13621 0e0ULLS  1U6BL 3878 234936 495554715  0+048 99500 14543 0e540
Ce772 0e1u7% 0e0U1ISS 60041  Jekh2 200110 495750824 04040 994540 40629 0e617
C+398 (e10720 Ga0ub73 1ell 30698 19610 49595+434 04039 994579 40629 0¢863
14709 Gelales Gollel? Qe27C 24560 16¢721. 496124152 00034 994613 0+926 2¢158
14163 UelL416s 0+CLEED 74657 34767 164549 49628¢699 04033 99646 0+926 0e719
Ce632 0010710 GeGU26D 207%7 34787 15+309 496444008 04031 994677 20314 00719
1e3970¢ Celu/9u 0e113501 Gel2C 24600 15174 49659+180 0+030 99+707 40629 9999996
14970 Ge1U71) Ge11301 Vel2U 24000 15046 496749223 04030 99737 20314 9999+996
14973 GelU621 Ce1l301 Ge119 Z4000 140818 49689+039 04030 99767 14543 9999.996
1751 CeiCEEL (ellles Ge233 1e0UO 140473 49703+512 04029 99796 14543 40317
1+951 (e(9143 Ce11301 Ge117 26000 12+504 497164012 G+025  99.821 14157 99994996
0+56b  Lel079, (00265 24174  3s7e7 124163 497284172  0+024 99846 #4629 00719
10495 CelLO%13 Ce02017 Le652 3Je543 9+336 49738004 Ce020 99866 0771 14079
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FMN/F = Resonant frequency of m,n mode/frequency
J2M(W) = Jolnt occeptonce In x-direction, j:‘(u)
o J2N(W) = Joint acceptance in y-direction, j}‘(..)
= H?
c H H m/umJ
BMN =8
mn
RESPONSE = Response of m, nth mode (g2/(psi)?)
CUM. RES. = Cumulative Response
PR = Parcentage of total response for m, nth mode
rCR = Cumulative p ge of total resp
SXVWAMN = € | wo dh At 1an Ze 1, 1anath
SYW/AW = § 1 1 ;.L , dl Ton/e 1 lenath
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Table 16:

RANK M
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n
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Forty Most Dominant Response Modes of the SLA Sh
7 ACBUSTIC WAVELENGTH =

FREGLJENCY =

COUFUTWONNS R INOWOUNWS R F S NCRUREREANNCOCCCONW
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THE TOTAL RESPBNSE

TBTAL RESPONSE =

o
PWraW=oN~NyWO

HISTUGRAN

FMN/F
0814
0815
0e816
Qe82b
QeB20
Q852
0857
Q308
04917
0+923
Q924
09z 8
0928
00935
0949
0960
0+972
0+972
0974
Qo587
0988
04958
X133
04989
009593
leuul
1+G16
1e022
1028
1.032
1+041
14044
1.045
1+051
1+0¢9
14065
14073
1078
i+100
1e1L3
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Ravark + A
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tic Field, f =177.827 Hz

FiaNZF  w2fd{n)s  JENIR)e Ha BMM RESPBMSE « CUMe RESe PR PCR  SXi/AwW SYW/AW
0e9BE (elDl4h Ce0D728 &C3e939 3240 1C077+074 10077074 8255 80255 30154 2871
Qo974 (elB144 0Qe0DEI3 1450907 36842 83753585 18452+430 62861 15116 1+154 10230
1¢0C1 @e(5376 005737 24413 2000 71654664 25618+094 5870 20986 10847 9999996
Ge993 Lel5396 (005737 174677 2000 69764070 32594« 164 5715 262701 20309 9999.996
0989 GeU5404 005737 06709 24000 663396 39228+125 S 434 32.135 3¢078 99994996
0+988 UeLD410 00737 2G2+212 2.000 6497352 457250477 5323 37458 40618 99990996
0e987 0s(5413 GCe05757 201¢503 24000 6477801 52203.277 50307 420764 9235 9999¢996
10016 Lel5385 0005737 177e¢2B4 24000 5638172, 57841449 40619 47383 1539 9999996
0e97Z (eLBZES 0eNb734  13pe£2F 24560 €5600152 63401602 42555 51938 14319 4307
1+G3E8 GeCBlas 0405734 113173 2e5&0 44220590 67824188 34623 550561 1¢154 44307
1¢C45 (Qol5144 005340 740422 3eB7R 41020957 71927+125 3361 58.922 1154 1077
00949 (sUBl44  0e0571S 72318 3543 3501724 75828813 3+196 62+118 1154 20153
04988 CUeLb3B5 0009736 £0509€ 1000 32604823 7908%.625 20671 640789 1539 84613
10484 Ge(3577 005704 774567 Sa698 3029458 82119.063 Qe 482 670271 1026 1723
Ce93b (el B144 Lr0D676 B50e757 3787 2904+515 85023563 24379 69650 1154 10436
1eC43  (oeL528U (0005737 BSe002 24CCO 2665320 87688875 2183 714834 1319 9999996
0926 LelDlus 0e0B70H b3e544 50698 24454549 901344375 2003 73837 10154 1723
14022 CGelbEby Us05736 1614102 1000 P368+600 92502.938 14940 75777 1319 84613
16051 (el 3277 05719 63eCE6 30543 2364+ 69 948674625 10937 77715 1026 24153
0924 UeiBzBU 005340 39927 3.878 2259282 97126-875 1+851 79565 1319 1077
1060 0eL3E77 0005676 49517 3e787 197Cs 4B& 99087.313 l1e6ly 81¢180 14026 10436
0360 0005376 005736 96298 1+000 1537184 100634+438 1+259 82439 1+847 84613
0908 UeUDZEY (e057E& £9e174 34240 1479596 102114+000 1e212 834651 1319 2+871
0917 (e(5355 (05754 340194 EZeboO 1391-070 103505+063 14140 B4+790 14539 44307
1¢C28 Col578L CeQUIZC 125938 3903 1296486 104801.500 14062 854852 1319 Qe957
1073 LeL3L77 0-05728 35453 3.240 1218+237 1060194688 0998 86,850 14026 2+87%
1076 0Oeu5144 Ge(5737 31+83C Z2-CLO 972413 106992063 0797 87+647 1+15% 99994996
10103 UeL3577 0+05613 18094E 3e842 756295 107748313 00620 88+266 1.026 1230
0852 UelLS280 0465613 12694 34842 74743908 108496+188 0613 BBe+879 1319 1230
0eB5U  UeLB2EL ULsDD715 12+4530 3+543 6935 4T 109190000 0+568 B eirk7 1+319 20153
0925 ({5396 005736 4#3eC52 1000 £092751 109879.750 Ce56% 90.012 2309 B8+613
14065 (elS144 005736 43061 1000 6L7-654 110537375 0535 90+551 14154 8613
0+857 0e(537¢6 005734 132496 24560 551+226 111088+563 0+452 $1+003 1847 49307
10100 0LeL3B77 O0eUL734 2Ue074 2560 545+506 1116344063 O 447 9lekhd 1.026 *e307
0sB15 (e(528C 005676 BeE19 3787 S0be222 1121404250 Os 415 91-B64 1319 10436
0+828 U~L5355 UeG57e8 9777 3240 Su2«Su6 112643+125 Gedl2 924276 1539 2871
0eBl6 ColSElu 0Ve057Ce 82692 3¢698 S01032 1131440125 0410 92687 1319 1723
0e8l4 (eL5355 (e0bLI0 84539 3.878 490,020 113634188 0401 93.088 1539 1077
0+323 (05355 (-00970 384715 34903 4064029 114040+188 0333 93421 1539 0957
0:972 GeuUB5376 0eGUE1S 1364123 3e9c1 319354 114359.500 GCe262 93682 1847 0+861
oF ALL E€THER MELES AT 1774827 H2 = 77124313 100.000
1220/1+8613
PLET bF PERLENTAULE RESFONSE AGAINST NORAALISED RESONANCE FREQUENCY.
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CO0OLG FMN/F = Resonant frequency of m,n mode/frequency

vooLLO J2M(W) = Joint accepfance in x~direction, jm )

ggom' J2ZN(W) = Joint ccceptance in y-direction, j:(u)

o H = H?

LwooC H M/HMJ

[0s] BMN = ﬁmn

e RESPONSE = Response of m, nth mods (g2/(psi)?)

co CUM, RES. = Cumvlative Response

w0 PR = Percentage of total response for m,nth mode

U PCR = Cumulative resp p ge of total

o- SXW/AW = Structural wavelength, x-dlrection/acoustic wavelength

¥ SYW/AW = Structural wovelength, y-direction/acoustic wavelength
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Toble 17: Forty Most Dominant Response Modes of the SLA S

FREGUENCY =
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THE TUTAL RESPONGE

FuN/F

14012
0986
1014
1eG17
1014
1017
1030
10045
1.022

0e946

0934
10538
Q952
0965
0926
04939
0~920
04928
0922
1020
Oe911
1e042
0949
Q877
1.102
1e113
1125
Qebk50
0874
0e842
0840
0853
0+830
04989
0835
Qe829
0895
0-817
0+856
1165

TOTAL RESFONSE =

HISTOGRAN PL
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c23en7l
uhlnle  JEN(a)e
Gen 757 (04369
Lelulb: (QeG4539
GeL 4199 (eQnbte
Lol JL0R  OelubEE
DeL 30  UeluDES
UeL3502 0004567
G 3502 004557
GeL4165 Ue04521
LeLdhla  Qe04bheR
Uel, 4165 Ce04DS0
Gels190 0404521
UsL 3502 004550
Uera165 020468
UsL4cds 001593
Oeus16b  eU4LE?7
Vel4165 'ye045E7
UeLszon  Qeu43eS
Cecal16b (04565
Uetals  Us04b62
UeLdhU De0#SGH
Caouzb? 0Oa09482
Leoson (01593
GeLn165 Qepu568
Ueu4l193 (e«04539
Geu3502 Ds045H39
Uel 4199 UeOkI6
Qo165  DeD445S
GelL2lUY  0eUSHAES
Lo 4199  UeQub67
LeL4192  UeGubLHO
LeL4zd3 Q-G4369
GeL5199  0r04565
GelaPB7  Ge0U45C1
Lela29%  QeQLZ2CY
Vel #1999 DeUaLER
Ge(4199 (0-0685H7
Geluehs 0401593
Lel.aZnb UrUw4EP
Dol 5257 UeO4bhos
Lel 3502  UeUwb2l
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A ic Field, f =223.87) Hz

ACAUSTIL WAVELEVGTH =

He

195732
1944829
188216
172310
185378
1744291
117.518
74275
151118
67125
4Y9e bkl
52+558
79.063
111403
41563
564103
36888
43493
37924
1586112
30416
B1e354
71534
17.511
19513
15917
13056
24192
16+91E
114367
11=148
124845
10047
UL+ 0U9
10537
94933
24703
b+787
13432
74626

PEICENTAGE Ri 3PBNSL AGAINST

V] 2b
RANK FhinsF 1 1
38 0817
36 0823
33 Q830
35 Qe85
31 0+8403 ©
30 Qe842 0O
32 0553
39 00856
29 0ed74 0
24 Qe877 0
28 Qe8Y3d ©
az 0+899
21 0+911 ©
17 0¢920 0O
19 Qe922 0O
15 0e326 00
18 0924 00
11 0934 00
16 04939 0C
10 De¢946 COU
23 0e949 C
13 0¢252 (O
14 Q9565 (0
2 Qe3&6 0OCOLOUDL
36 0959
1 1e012 CLLOLOVOC
3 1e014 0Q000LOVUO0L
5 1+014 200000
6 1,017 0000
4 1017 D000LO
20 1+0c0 QU
9 1+022 00O
7 1+030 0000
22 1002 U
8 1,045 OCO
12 1+0%8 00
25 1e102 ©
26 10113 U
27 1125 U
40 1165
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BMN RESPONSE « CUMe RES. PR PCR  SXW/AW SYW/AW
3921 73860957 73869957 8¢939 3939 10453 1:08%
30842 7324352 14711+309 Be863 17802 1163 1e549
3903 7155871 21867+180 B+ 659 26461 1292 14205
3543 5048797 269154977 60110 32571 14057 2711
3240 4970164 318860141 6014 368+585 1+057 3+615
22560 36930771 35579910 4470 #3055 14057 Se422
J+658 3590e322 33170+230 40345 #7400 1.057 20169
3878 2806+929 41977156 34397 50e796 10163 1355
2000 2502+ 8RB0 444804035 3.029 534825 10057 9999+996
3787 2493411 469730445 3.017 560842 1163 1+807
3878 18914408 488644852 22289 594134 1292 1355
3e707 16414634 50506+ 484 1987 610118 14057 1807
2000 1557313 520630797 184S 63002 1163 9999996
3935 1548276 53612+070 1eB74 64eB76 1938 0986
3698 1610121 551220191 14827 66703 12163 20169
2560 1414.02% 56536215 1e711 68oi1l 1163 Se422
3.921 1395243 57931+426 1+688 700103 14661 1084
3240 1386+785 59318.211 1+678 71781 10163 34615
34543 1321+507 60639715 1593 73380 10163 2711
1060 1309.255 61948969 10584 740964 1057 100844
3.903 1172316 63121+285 1¢419 76383 1453 1+205
34935 11264165 64247449 1+363 77746 14661 0986
1001 704452 64951.+898 0+852 758598 1163 10844
3e84; 6630636 65615+500 0«803 79°401 1e292 1549
3eR4; 6164322 66232+313 0746 BUe148 1.057 1549
30921 592-%33 668244813 0717 -102:-13- 1e292 1084
30903 4324403 67317.188 0«596 81460 1163 1205
2+000 4304373 67797+500 0581 82+Gh2 1292 9999996
24580 429+ 846 68227+313 00520 B82+562 1.292 Seb22
3¢787 4250654 68652938 0515 834077 1+292 1.807
3e921 423351 690764250 0s«512 83+589 1938 1084
3e240 4124367 69489.063 0+500 844089 1.292 30615
3878 335024 698774063 0470 B4+558 1e453 1355
34945 378.206 70255+250 Qe 458 85016 2507 0904
3543 370+139 70625+375 Oei48 BSe kb4 1+292 20711
3.698 363.829 70989.188 Qe 440 85904 1+292 20169
34935 34325671 71332.813 0416 B6¢320 24325 0e986
34903 339.428 71672+188 Oedil 8&6+730 1+661 1205
2+000 2704390 71942.563 Qe327 87+058 1453 9999996
3878 2394205 72181750 0e289 87 347 1057 1355
2234871 R = 104564125 100.000
HEBRAALISED RESBNANCE FREQUENCYs
50 75 100
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LEGEND

FMN/F = Resonant frequency of m,n modefrequency

J2ZM(W) = Joint acceptance in x-direction, j; {w)

J2N(W) = Joint acceptance In y-direction, j: (W)

=H2

H H @/“mQ

BMN =8,

RESPONSE = Response of m,nth mode (g2/(ps!)?)

CUM., RES. = Cumulative Resporse

PR = Percentage of total response for m, nth mode

PCR = Cumulative resp p of total

SXW/AW = Structural wavelength, x-direction/t ti length

SYW/AW = St | length, y-direction/k . length




Toble 18: Forty Most Dominant Response Modes of the SLA Structure for Reverberant Acoustic Field, f = 398.105 Hz
FRELUENCY »

RANK

WHENCNF W -

THE TOTAL RESPUNSE

M

N

FrN/F

0+992
1.006
0.992
1.013
0987
0950
0979
1.C11
1.C21
0974
0+99¢
1C23
1023
0973
0970
1.03¢C
1029
0.989
0+958
C+951
1.08¢&
1+Cého
1049
0945
0+945
16537
1+C54
1.053
0.921
1+C55
00934
04935
0.931
0+929
1.0e6
1+067
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Qe914
Ge914
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TOTAL RESFONSE =
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GelZ40c
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Gei o8
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Gergai?
UeL 2303
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UeiL 238k
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Le( 2409
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GeL24Ce
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GelZllz
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Cel241s
Cel261r
Gel2bks
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[{X1 e} 3-1-¥4
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G+ 0574
G 02547
Ge02575
CeG2be7
Ge 02547
G 02579
Gel252é
UeLEE72
G-02579
Ge02b75
QeGeh77
Ge02h76
52570
CeCabzr
Qe0cb79
02579
Ge025/8
0+ 0eha?
VG258
CeCE5%7
Ceugh70C
0e029¢63
C=025%7
GCe025L7
CeC2547
QeG257k
G 0579
GeCESV2
GeCeb7%
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GeGeb76
Gelzbrx
Ge02be3
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OsUzb47
G=025/9
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he
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z15-908
216+€1h
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199.012
173.399
165-808
199+421
155626
1464783
225.20€
145919
147+99¢
141612
13¢+519
116«C21
123+30%
LUbed35
21702
7Ee6Ul
73e722
72+87C
669276
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64784

Selab
584374
6079
213+849
©1.134
50093
Hleluh
4Ee {7
44280
47052
40+991
36273
32195
Jz.188
35.771

b

3+965
34949
3e921
3569
3787
3.953
3269
34240
3.972
3935
2560
3503
3842
3878
Je 345
3.972
3543
2000
3698
3e9¢9
3972
3965
He 945
3959
32965
3983
3¢969
3¢698
14000
39935
3.903
3.543
3eBu42
39569
3878
3972
3959
3953
3969
3240

3954105 HZ =

HISTUORANM PLUT EF FEACENTAUE RESPENSE AGAINST NBRNALISEC RESUNANCE FREGUENCY.

FiN/F
Qe914
GeI14
0513
Ge9c9
0931
Q954
0935
QeSab
Ge945
G951
0958
0970
0973
02974
0973
04960
0e957
0+9&9
0+991
0992
0952
Q+998
1006
1«G11
1013
1,021
1+0e3
1s023
1+029
14030
1046
1046
1049
1053
14053
1¢0%4
14059
1e066
1067
1072

coccoogoaccoc
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coe
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[#191¢19)
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eelelo)
[51¢19
oot
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ooogcC
OoOCQCOo0
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coocoooCc OO
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RESPBNSE. CUMe RESe PR PCR  SXW/AW SYW/AN
27484583 2748583 hell2 4eliZ 2584 1286
2736814 54854395 e 094 8207 2+068 10377
27184540 8203.934 40067 12274 1.477 1928
2407487 10611+418 3602 15876 Jekks 10205
2401254 13012.672 3592 19+468 1292 3214
2197014 15209+684 3287 224755 1+880 10483
2097.336 17307016 3138 259893 4e135 10205
2055« 082 19362+058 3075 28367 1216 62428
1955.926 21318023 2+926 31.893 206735 1134
18914397 23169418 20770 344663 1+590 1753
1833+854 25003270 2e74% 37407 1.216 9e642
1821774 26825+043 2726 40+132 1¢378 2e143
1811147 28636+188 2710 42842 1.292 2755
1757373 30393.55%9 2629 450471 14378 2410
165G+214 32043770 24469 47940 1s723 10607
146583291 33527.059 2.219 50159 10338 10434
13569+470 34916+527 2¢079 52.238 1216 &e82]1
1313365 36229+891 10965 S4.203 1216 9999996
1080815 373104703 10617 55+820 1292 30857
953882 38264+582 10427 67247 54169 14205
926468 39191047 1+38¢ 58¢633 6892 10134
923.352 401143398 1381 60014 2297 1286
B46+297 409604691 1266 61e281 1590 10607
832198 41792.887 14245 624526 2297 1377
BZ1va4B 426144332 14229 637585 20954 1286
747741 433624070 1119 64873 1723 10483
7384055 44100.129 1104 65977 2+954 1205
7064506 448060633 1057 672034 1216 34857
600255 45486+887 1018 684052 1216 19283
balke 286 461314172 0964 69016 10477 14753
6264095 46757+227 04937 690953 14477 20143
578+748 47335.969 0866 70-818 1+292 4eB21
S66He 615 #7902+582 O848 Tie666 1+378 20758
560106 48462+688 0+838 72504 64892 1205
519328 48982.016 0777 73+281 1292 20410
515064 494974078 0771 744052 50169 10134
459+£15 49956691 0688 74739 1+880 1377
4L8e081 503644770 0611 75+350 2068 1483
4074290 50772+059 0+ 609 759959 10.338 1205
3692462 S1141.520 0+553 76512 1+292 60428
15699.730 100.000
S0 7% 100
1 1 1
LEGEND
FMN/F = Resonont frequency of m,n mode/frequency
J2ZM(W) = Joint acceptance in x-direction, j:‘ )
J2N(W) = Joint acceptance in y-direction, j: (W)
= y2
H H @/umJ
BMN = an
RESPONSE = Response of m,nth mode (g2 /(psi)?)
CUM. RES. = Cumulative Response
PR = Percentage of total response for m, nth mode
PCR = Cumulative resp p ge of total resp
SXW/AW =§ | tength, x-direction/acoustic length
SYW/AW = Structural wavelength, y-direction/acoustic wavelength
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Table 19: Forty Most Dominant Resporse Modes of the SLA S

RANK

VRN U F W
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FHREGJUENCY =

N

VrwWwoVwresr Yy NeNUrWYReoorNRENNTIOE GO NONDWEN S,

FHN/F

1024
1009
0948
0950
0+925
14070
14054
0.922
Oe.922
1+163
1+167
1139
0.823
0917
Ce762
Oe741
1267
Qe772
1275
1245
Cebbd
1e264
0632
1391
1e401
1277
0+578
0,568
14320
O+496
10428
1.31%
10469
Qe457
10495
1397
0398
1e470
0s270
1+511

THE TOTAL RESPONSE

TBTAL RESPONSE =

HISTEORAM PLET BF

FHMN/F
0270
Qe398
Qo057
Oe496
Qe5e8
0+578
0e632
Qeb58
Va741
Oe762
0772
0+823
0917
0.922
0+922
0925
0e948
0950
1.009
1024
1+054
1+070
14139
10163
1e1e7
10245
12257
1e2¢4
1275
10277
1315
1320
10391
1397
10401
1eb28
1e4e9
1e470
10425
1511

0
1

cocoo

000
Q0GoL
0000L0
0000L0!
LO0OLO

Jer(a)e

Gel355%
UeL2C63
GeL 3555
Ge(2E33
Get 3055
Gel 3855
Uel2339
Uel 233
0+025339
Vel4382
UrLe3o2
0L 2833
Ueu2339
UeC20L63
0+C2b33
Gel 2633
Qe 4382
Gel2ULE3
CoLu3hE
GeL3555
Oel2&33
Vel 3555
Veu2333
Oelutab
UsL494e
Ga2le3
Qei2332
Qel2063
0eu2339
CeL2532
GeChshe
GeL2633
Qe aB46
Gel2539
Qelud46
Gal 2833
LeL 2063
Ueiw382
Cer 2063
Cel 355>

UF ALL OThER M

for B

4

Tudsul

y Layer

ACOUSTIC WAVELENGTH = 1100070

JaN(h)e He
0+01066 1424942
GeGlUIZ 2C7+269
0e01C44 694571
GeG1C77 734841
Ce01L57  40el4s
001029  3¥e1l4
0+01012 £7.336
0e01029  38.258
0¢Q10E3  38e22L
0401044 74657
0+01US7 7.314
0+01012  10+680
0eC1029 .34k
0+01U87 344132
0eClUSY Se613
Ue01L6E be BS54
0+01629 2e921
0+G1l029 6a041
_0+01068 2.516
bev1077 3.219
01057 34576
0401012 24739
0+01044 20757
0s01044 1¢13C
01057 1.C69
0*0U994 2471
0401077 24751
0+01044 24174
0000994 1784
0-010b7 14756
0e01012 0+916
0+01083 1853
0.01029 Ue741
0+01068 1896
0e01068 Ce652
0.00994 14091
0e01US7 1e411
0401077 Ge735
0+01U6E 1.163
0+ 0uYLy Ge60%
CES AV

4635.090

00L0C
00

0G0ULOLOLOLOTLLLULOL
0GOULOULLULOUCLUOOULLL

0000LO
000000
[+

Q
c
o)

BMN

R

83125 HI »

83

PERCENTAuE KESFENSE AGAINST NBRALISLD RESHONANCE FREGUENCYe

(Ug = 9810 in./sec; &, =12.0in.), f=89.125 Hz

ESPONSE « CUMe RESs PR PCR  SXW/AW SYW/AN
995+247 995247 21e472 21472 1+585 1479
86Be946 1864193 18.74#7 400219 6e341 00739
5(6+070 2370+263 104918 51137 14585 0986
377754 27484017 80150 69287 2+118 14971
268749 3036+766 6230 65:517 1585 1183
277227 3313.993 6.981 71498 1585 D845
272+509 3586502 54879 77377 30171 0739
221806 3808.308 4785 B2v163 2ella OeBiS
128287 3936595 20768 84+930 3e171 20957

680652 4005+247 1e481 B6e41] 1+268 0986
bheB43 4070090 10399 87+810 1+268 1+183
610485 4131574 10327 894137 2e114 0739
440741 41760313 0e965 90102 3e171 DeB4S
39e612 42150922 0+855 90+957 60341 5e914
32547 424Be k65 0«702 91659 2elis 0986
269940 42754402 0¢581 92240 2e114 10479
26+185 4301.586 0e565 924805 1268 0845
25+505 4327090 0550 93355 [-XL3] Oe845
21590 4348676 Qe 466 93821 14268 10479
200563 4369336 Do bkt Y4266 1+585 10971
20+504 4389840 Oekh2 94709 Qellé 10183
19+780 44094617 O 427 95136 1585 00739
13.195 4422+809 0+285 95+ 420 3e171 0986
11e441 h434.246 Qe247 95+ 667 1.057 0986
10+698 LTTYNS-T'SY 0e231 95898 1057 1183
10239 #4554180 0e.221 960118 6e3k1 0657
94506 44640684 0+205 96+ 324 3171 1+971
9179 4473.859 04198 96522 60341 00986
8+381 4482238 01381 96702 3171 De657
8313 4490551 0179 96882 3171 1+183
80169 4498719 Qe176 97.058 1268 0739
74535 4506254 Ce163 97+220 20114 2957
70495 4513746 Cel162 97382 1057 DeB4S
7-311 45214055 0e158 97540 3171 10479
6e314 4527+367 04136 974676 1.057 10479
6+209 4533574 Ge13& 974810 Qelle 00657
5+891 4539+ 465 0127 97937 X131 1183
5817 45450281 0e126 98062 14268 1971
ko702 4549980 0+101 980164 6e3k1 1e479
4+318 45544297 0+093 98257 1+585 04657
$0+733 100.000
50 75 100
1 1
LEGEND

FMN/F = Resonant frequency of m,n mode/frequency

JZMNW) = Joint acceptonce in x=direction, j:'(u)

J2N(W) 3 Joint acceptonce In y~direction, j:(u)

= M2

H H W/HmJ

BMN = ﬂmn

RESPONSE = Response of m,nth mode (g2/(pei)?)

CUM, RES. = Cumulative Retporse

PR = Percentage of total response for m, nth mode

PCR = Cumulative resp P ‘of total

SXW/AW = § P Vength, TSRy " langth

SYW/AW = § 1 1 g L y-directi P 21 \ ;.L




Table 20: Forty Most Dominant Response Modes of the SLA - Str for Boundary Layer Turbul (U, = 9810 in. /sac; §,=12,0in.), f=177.827 Hz

FREGLJENCY = ACBUSTIC WAVELENGTH =

RANK kK K FiiNZF  o2niade  JzhN(n)e He BN RESPUNSE » CUMe RESe PR PCR  SXw/AW SYW/AW
1 s 3 0e988 welll292 ULeCL772 D3I 324D 472809 4724809 70543 7543 14582 3¢934
2 & 7 0e374 UeLl732 Ue0U?H% 145911 3es42 391802 864610 60250 13793 1582 1+686
3 7 9 1+C26 OQeiluaz UsDU/4G 125380 34903 270425 1135.035 4e314 18107 1808 1311
L] 9 ) 1044 (e, 225/ 0e0076% 77567 34698 256165 1391.200 4087 220193 1e406 24360
5 3 1 1+G13 LeLJ764 Ue0LIP4  1RYenUI 34935 219374 1610+574 3+500 250693 4218 1073
[ Y Z 10032 UeL1732 0eQU/74 1130173 2.560 20u7+926 1818+500 3317 29+C10 1582 50900
7 7 2 0972 wellusd wWsDU/7% 1384625 24560 205058 2023.558 3271 32+281 1+808 5500
8 S 1 00972 el 100> UeQu732 136+123 3921 203261 22264819 30243 35.524 2531 1180
9 9 4 12051 UeL225/ Q02769 63eu20  Fe543 200479 2427298 3198 38.722 10406 24950
10 -1 b 14045 UeLi79¢ 0e0U747 Thekl2 3eB7R 200008 2627+306 3.191 #1913 14582 10475
11 3 “ 04945  LeL1792 UeOu/e? 72318 3.543 132+598 2809¢904 20913 44825 1582 24950
i2 5 [ 1e00L  Uevluul 0e0U776 Z224e413 24000 1ole069 29900973 2+889 472714 20531 9999996
13 2 1 08977 GeL 723 0400774 160167 34935 171143 3162115 2730 S0ebih 64326 1073
14 6 V) 1616 LelL1138 0eQu776 177.284 2.000 169+126 3331242 2698 53142 24109 9999936
15 9 6 16060 L2257 Qe0U/6U 49e517  3.787 1664373 497613 29654 55796 14406 12967
16 4 C 06993 LeLDBY4  Je0U/76 2174677 24000 152«864 3650477 20439 58235 34163 9999:996
17 & 6 06935 Uel1/92 Ueuu760 SLe757 34787 135370 3785846 20160 60334 1582 12967
18 3 1) 0989  Usuu/é% 0e0u776 2064709 2,000 130e164 3916.010 24076 620471 4e218 99994996
19 e [+ Ge924 DTe( U722 .0+0U776 ¢02P12 24000 117.721 4033731 1+878 640349 60326 9999996
20 & B 0e928 LeL1792 GeOU7b4 43544 34658 1i4+150 4147+879 1821 664170 1.582 20360
3] 1 4 0e987 weLd691  Ge0U776 2014503 2.G00 1i1.886 4259.762 1785 674955 12653 9999+996
22 E 3 19073 Ue2257 Qe0U772 35433 3240 103547 4363-309 10652 692606 10406 39934
23 7 ] 16041 Cei 1842 De0U776 85.002 24000 YBe 466 44610773 1571 71177 1808 99994996
24 6 1 0988 CGeLllba 0s0U775 £05+036 1.00L0 97771 4559543 1560 724737 20109 11801
25 6 10 1¢C56 uvecllds 000732 52¢533 3971 92747 4652289 14480 T4e216 2109 14180
26 111 0:956 UeL0H91 Qe00724 B8+138 3.935 £9¢825 4742113 10433 75649 12+653 1073
27 7 1 19022 Usil442 0e0U775 151102 14000 87466 4829578 14395 77045 1808 11+801
28 7 & 0+924 GelLlasz QesQu747 32.927 3§78 86393 4915+969 14378 784423 1808 1475
29 6 9 0923 OeLl11bx  0e0u740 3%=715 32903 68767 49840734 1097 79520 2109 1311
30 9 7 10103 Leil2257 O0sGuL754 15945 34842 64093 b0«B«824 1022 80542 14406 1+686
31 4 11 1eChb4  TUeuDETS Qs0U7P4 #3+941  3.935 56637 5105e461 0904 B8leb46 3.163 1073
32 7 3 Qe806 Usilesd Ge0U772 29¢174 34240 L4e4s7 5159914 0+869 82+314 1.808 34934
33 2 e 16100 Usu2eb?  UeUU7T78 20074 24560 460461 52064371 0741 83056 1+406 5900
34 8 9] 1s078 UeL1792 U0-00776 31=430 2.00L0 45796 5252164 0731 83+786 1582 9999.996
k] 6 € 0e917 Ueullba Qe0UTT4 A4e194  Z4560 410656 $293.816 Qe 665 Bho4S1 20109 5¢900
36 5 1 0e960 UeLlLUD 0Qe0U775 964298 14000 384826 $332+641 Ce619 85+070 2531 11804
37 & 10 Ce9Ce wueLubk7w  (e0LYEZ  29eRH6  5e971 33+616 53664254 04536 854606 3+163 1+180
38 10 4 14160 GeLRR36 UsQL789 74926 34543 31683 5397934 0505 86,111 1265 24950
39 s 1 14065 UeL179¢ 00UY75  43eC61 14000 3Ce 959 5428+891 0s494  B6+60S 14582 11801
40 1y 5 14166 Jell20dh Ge0U7b64 74397 3+698 302499 5459.586 0+4390 87095 14265 2+36C
THE TuTAL RESPUNSE DF ALL bBIRER NEOLS AT 177.827 nZ = B0Bs957 100000
TOTAL RESFONSEL = hdnaeB5u3

HISToHGRAM PLST BF “ERCENTAGE FLSPANSE AUAINST NBRZALTISED RESUNANCE FREGUENCY.

4] 4] Eh] 75 100

RANK FHN/F 1 1 1 . 1 1
37 Qe9u2 0

32 02908 U

35 0,917 ¢

29 0e9c3 0

28 0«924 0

20 0+9:8 0O

17 Q935 v

11 0949  OLL

26 0956 C

36 0960 ¢

8 0572 0UOC

7 Qe972 00U

2 Qs974%  QLLCOLD

13 0977 OCUL

21 0697 GO

19 0+958 (0

1 0988 CLLULOUT

24 0+988 CC

18 0929 0C

16 0993 0©C

12 1e0Cl  OCY

S 1013 20U

14 1G16 COU LEGEND

27 1022 0O

3 14026 5000 FMN/F = Resonant frequency of m,n mode/frequency

3 1sCb2 oCO J2M(W) = Joint acceptance In x~direction, j? (v)

23 10Gs1 GG - g 2

" 1.044 0000 J2N(W) = Joint acceptance in y-direction, Jn(u)

10 1:045 36U H = H?

9 14081 COU H (u/u"ﬂ")

25 1e0b8 © BMN = Bun

15 1,065 00 RESPONSE = Re h 2/(pai)?

31 ToCer ¢ sponse of m, nth mode (g?/(psi)*)

39 1069 CUM, RES. = Cumulative Resporse

22 1073 cC PR = P tage of total resp for m, nth mode
34 14678 9 PCR = Cunwulative resp [ ge of total resp
33 1e103 ¢ SXW/AW = § { fength, x-direction/acoustic fength
gg :' i:g (0:, SYW/AW = Structural wavelength, y-direction/acoustic wavelength

. ]
40 1el66

84



Table 21: Forty Most Dominant Response Modes of the

RANK

VRN rWN -

H

-

FREWJENCY » €23en71

B T Y T T T P yupp

N

e

-

-

[

-
VAU NCUOWRNE O WONNIWNNUNONOm e toNOoCRNUNWSE

-

-

-
C=wo

FUNZE u2v(a) e

1617 Derlesbe
1014 Qeolbb2
Qedb6 Uvollw?
1sG14 Qevll03
14017 Geolbbe
1:030 uCeulbo2
1012 UeLI83)
1022 velibne
00989 QeL)S64
10045 Usull3s?
0e948  GaLi3a7
1:058 Qe.lb62
00965 (UaLl695
1¢C20 vueulbhte
1042 UeLI796
0952 GeLl347
00934 ueLllon
0926 Jell3s/
14041 weLJ62)
0+939 UeLl347
00928 UVellds?
00922 UeL1347
0949 Geudb24
1+102 0Qevle62
043920 (L7795
lell2 0622075
0+911 0sud330
14123 Leol2UL70
0949  Ue 1347
1108 UeL2072

12061 Qeul487
1+143 0e.2070
1.1C7 2’

0877
0321 0eolu97
1125 Qevll4/
16113 weo110Y
10078 Jeud4y/
0+899 vsudb2s
Oe894 0s.1109

THE ToTAL RESPUNSE OF ALL 81

TBTAL RESFUNSE = 4759

-

JENLA) e

0.00L670
0+0u673
QeDubt:l
Qe 0ubtl
Ue0UA74
JeQI6HE
Qs 0Ub+46
0s0U675
Q000634
Qe0LEYDS
Qe 02664
De0ubGY
Qe QU640
QediO7H
2e0J610
QeQuUe75
JeQUH56
QeQUbOE
Qe0uhan
BeGus7s
Jeda6773
QeDUBTD
JeQubhlh
0eQUo61
JeJubes
Ve 0ub73
Qs Qubnl
J*CUBTG
00675
VeQULT 4
Qs0u62R
DeOLOLA
Ueub?b
Qe 0ULEB)
Ve OUG3
[PRRIVI. 10
GeQubue
UsQublE
Oe0UA+N
0s00675H

HER MUDES AT

908

HISTEIRA G PLDT bF PE~CiNIAaE hESPENSL ALp INST

FMh/F
V877
04898
04899
0.911
0.920
Qs3c1
Qe9¢22
0e9z6
Q928
0+934
0939
Qe 46
0e 949
Q949
Q+9b2
0s965
0«56
0.989
1012
14014
1esL4
1,017
1017
1e020
1e0z2
1+030
leyal
1.042
1¢045
1+058
14061
1+078
1e102
1107
10108
10132
1113

(o]
1
c

(<]

occcopogccocce
(=

Lo
OuLoL oL
419

0CLo
cuood

<

Co

ol

€9

14

SLA Sh for Boundary Layer Turbul (U, = 9810 in./sec; 6 =12.0in.), f =223.871 Hz
ALHUSTIC WAVELEGTH = 43820
He BMN RESFONSE « CUMe RES» PR PCR SXW/AW SYw/An
1724310 3+543 352119 352119 7413 70413 ledip 3e71H
1854378 3+240 J47 e 489 699+608 7316 14729 leokig 49952
134229 3842 3440737 1044 ¢345 7258 21986 1593 2e122
184¢216 3+903 2742667 1319.011 5e782 27769 1.770 10651
174291 2560 258+718 1577730 Se k47 33215 1v4ag 7e428
117518 348698 243650 1827+380 5256 38471 ledag 2971
195732 3e9E1 23de.720 2066100 5026 43e497 1991 1+486
1510118 2.000 175566 22414666 35696 474193 LekiB 9999495996
Z00s009 30945 1506447 2392+113 3e167 504360 3+982 1238
740275 3873 131795 2523.907 20775 534135 1593 1857
674125 30787 117749 2641657 20479 55614 10593 24476
S2e558 30787 113767 27550424 2+395 58.009 ledis 2+476
111403 3935 100976 2856+400 20126 60+135 20655 19351
158112 14000 91804 2948204 1933 62068 1ek48 144856
81:354 3.935 40432 3032636 14778 63+845 2276 10351
79.063 2000 742439 3107074 1567 65412 14593 9999+996
49645 3.878 72519 3179+594 10527 664939 1.770 1857
41563 34693 71554 3251147 1506 680445 1593 20971
854831 34945 a8+367 3320.015 1+450 69+895 3+186 10238
560103 2+560 672490 3387504 1421 714316 14593 Toeb28
43433 3.240 662370 3453574 10391 720707 14593 ke952
374924 3543 62305 3516379 1322 74029 1593 Je714
71680 3945 430645 3565024 1024 75053 5e310 1238
19513 3.842 424605 36C7+629 0897 75+950 lokig 2e122
3ce838 3e921 48497 36460125 0+810 760761 24276 1e486
160231 34240 37.882 3684+007 0798 77558 14327 44952
3dsui6 34903 37.229 3721+236 Qo784 78342 1+991 14651
13537 3543 34570 3755806 Q728 79+070 1.327 0714
713345 1.00L0 33660 3789466 0709 79778 1+593 14856
17485 2+560 324317 3821782 Qe 680 80459 1327 70428
470622 3953 29+463 385124 0+ 620 81+079 15.929 10143
Fe964 3e698 26356 3877601 0555 814634 14327 2971
175300 2000 75791 3903.392 0543 824177 1327 9999996
17511 3842 25507 3928.898 0537 BR2e714% 1770 2e122
374163 34945 €393 3952829 0+504 B3.218 7+964 1238
13¢u56 3903 23¢145 3975974 Qe 487 83705 1593 1+651
154917 3921 z23a144 3999.118 Oe 487 844192 1770 1486
31912 34953 200376 4019494 O+ 429 Bueb621 7964 10143
P4e703  393% 19+962 4039456 Qe 420 85.041 3:186 10351
240192 2000 18750 4058.206 0395 854436 1770 99994996
223+871 Hl = 691782 100.000
NBn AL TSED RESUNANCE FREGQUENCYSs
2b 59 75 100
i ! ! 1
LEGEND
FMN/F = Rasonant frequency of m,n mode/frequency
J2M(w) = Jolnt acceptance In x-direction, j:l (@)
J2ZN(W) = Joint acceptance in y-direction, j: W
2
H = Hw/u mn)
BMN = ﬁmn
RESPONSE = Response of m,nth mode (g’/(pli)z)
CUM. RES. = Cumulative Response
PR = Percentage of total response for m,nth mode
PCR = Cumulative resporse p ge of total resp
SXW/AW = St 1 length, x~di 1on /e 1 ] o
SYW/AW = § 0 length, y-di Py o Yarmmth

10123
1eleb
le143

o
J
0
o
°

o
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Table 22: Forty Most Dominant Response Modas of the

RANK

VRN F W~

THE TOUTAL RESPONSE OF ALL BTmER 1BDES AT

Il

FREGJENCY o

N

-
O+ VUNNOWE

FM/F

0387
1+011
C+392
0338
1.023
1023
1029
0973
0989
1s006
0374
0992
0980
0953
0970
1.013
0979
1053
00991
14021
1+G43
0335
14030
1+066
14059
00331
0934
1053
1046
0945
1083
0351
0e919
0345
1+046
10054
1.5382
1e372
0+3G8
0836

TOTAL RLSPONSE =

HISTo3kAM FLUT BF

3346102

27 A)e

Ceuds517
veudod/
Vel D412
veld54d7
QL )517
UelO46)
UeUdbA7
Leudluwbl
Veu)o8/
QVeu0299
002373
Veuid2nd
Oeul3l3
QoL 2517
UeL034y
Qe 023y
Ueud22e
Ve US87
Us L0587
QeLl204
0.u0374
Qeuunl?
Oelu2ub
Veudbl?
Qo1
LelO46u
Jeul412
VeuJdde)d
0eL272
Jeu0271
JelJb87
Ge0321n
Qe 0017
UsuJ241
Q= 3209
Oelual
Ce duby
UeLu3l 3
Vel G373
Qo6

1#sle

J2NiAd).

30 0J450
Je Qo432
Je00444
Qe00453
DeQussy
Qe0GH46
De0Uss2
Je0J+47
JeJuah
0200438
D044
DJe)0433
e QU4 34
DeI0451
Qs 0daan
Ja0un31
JeOQus 3t
Qe QU451
Qe 0U453
Je0J«28
0e00%4y
J+0u452
PILINTY-2
Q000347
Je U442
Qe DJ449
J+00446
Qe0U433
Js U433
J¢03430
1005453
QeQuis3i
NaQLALR
0s0ua33
Qe uzs
J:0u431
D004 4%
0=00436
Tedutis
Je 00450

673

FEXCENTAGE RESFONSE

SLA S

for

y Layer Turbul

ACBUSTIC WAVELEANSTH =

He

199.012
193421
216618
225+206
147936
145919
123305
1410619
72060435
z15.908
1464783
216058
1734399
91702
1304519
1906374
1650308
604079
2134349
155.620
66976
S1e244
113.021
420052
51194
464078
S0093
594036
72370
65607
2843353
75401
39771
EhsThh
73.722
58374
29270
364273
29.122
23+750

BMN

3787
34240
3921
2¢560
3842
3+903
3543
34878
2e000
3959
3335
3+965
39513
36938
3945
3969
39969
3698
1+000
3972
3945
3543
3.972
3878
34935
3842
3.903
3.953
34365
3959
3e707
3969
3240
34965
34972
32969
30921
34959
3.9¢1
3727

3944105 HL =

FHMN/F
Q«396
Qs908
0919
0931
0e934
0935
Ue9453
02945
0951
0958
0e970
04973
Q974
0+979
0930
00987
0+3a3
0991
0.9392
00992
0958
1e006
1sG11
1013
14021
1.023
1+023
1+0&9
1+030
14046
14046
12049
1053
1G53
14054
1059
1+066
1s072
1082
10863

OO0COONT O

[2EsRaleNaloNeNaNeNoNqN ol
<

25
I

e (U, = 9810 in./sec; 5, =12.0in.), f =398.105 Hz

2heb42
RESPBNSE » CuMe RESe PR PCR  SXW/AW SYW/ANW
90718 90718 40953 #4953 1770 &e403
88766 179484 40846 9799 10666 Be806
80508 259+992 4¢395 180194 2:023 2642
79.285 339276 40329 184523 1666 13209
630262 407538 3=727 224249 1770 3774
60409 467947 34298 252548 18838 2935
592938 527 +884 3e272 28.820 1+666 60605
58+ 449 586333 3+191 32011 1.888 3e302
56324 6434157 3»102 35.113 10666 9999996
55301 699.058 3+052 384165 2+833 14887
420316 748374 20692 400857 24179 24402
49103 797477 2¢681 43538 3544 10761
43.626 8464103 20655 464193 24575 2032
404915 887.018 2+234 484427 1770 5e284
39.922 9262940 24180 50+606 2360 2e202
384803 965743 20118 52.725 he721 1651
32495 998.238 1774 Ske499 5+665 1651
30426 1028+664 10661 56160 106686 S5e284
29427 1058-090 14607 57766 1666 26419
27347 1085+937 1520 59287 28+ 326 1554
222459 1108-396 14226 604513 24179 2+202
219945 1130¢342 1+198 61711 1770 6605
21346 1151+687 1+165 62+B76 140163 1554
19+521 1171.208 14066 63942 1770 3.302
13.013 119¢.220 1038 6%«980 2023 2402
18+896 1209116 1032 660012 1+888 3774
13+601 1227.718 14016 674027 2023 20935
18+021 1245.739 0+984 68011 2360 20032
17540 1263.279 0+958 684969 30147 1761
15860 1279+13% GeB66 69834 30147 1887
14670 1293+808 0+801 704635 1s666 40403
14310 13C8.119 0e781 Tle417 7081 14651
144028 1322.146 0766 72+182 1770 8+B806
13+901 1336+048 0e759 72:941 4eQ47 10761
134573 1349.620 De74% 73+682 Seltk2 1554
12464 1362+08% 0+680 74363 He047 14651
12-128 13744212 0662 75+025 14888 2eb42
104135 13844347 0+553 750578 2+575 1887
94791 1394.138 0+635 76+113 2179 24642
9625 1403764 0825 76638 1+888 42403
427910 100.000
AGAINST NBRALISED RESUNANCE FREQUENCY.
-1¢] 75 100
1 I I
LEGEND

FMN/F = Resonant frequency of m,n mode/frequency

J2M(W) = Joint acceptance in x-direction, jm(u)

J2N(W) = Joint acceptance in y-direction, j:(u)

= H?

H H @/umJ

BMN = 8on

RESPONSE = Response of m,nth mode (g?/(psi)?)

CUM, RES. = Cumulotive Response

PR = Parcentage of total response for m,nth mode

PCR = Cunwlative resp P of total resp

SXW/AW =§ t wavelength, x-direction/acoustic wavelength

SYW/AW = Structural wavelength, y-direction/acoustic wavelength
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Table 23: Forty Most Dominant Modes of the SLA Structure with Radius Increasad to 208 In., for a Reverberont Acoustic Field, f = 89.125 Hx
ACOUSTIC mAVELENGTH » 150.799

RANK

WVt ONIrwnes

WWOoWRNRWFFWFOCUCRNFOWFOOOCRNORWLFOCOCNOCRWIVLIOEF=RW

FREGLUENCY =

N

CNMNOWNENFCOUNWRPRWUF NI =B RWENTOOR = NWU~ROCO0

FHUN/ZF  J2F(a)e

00992  Ls3CEEL
0:986 0e10710
0+985 (910790
140C6 UsLY149Y
16006 GeLuleh
04992 Lol 9149
Ce96b Celial6n
04948 (L9149
04963 0e10621
00993 G(eL0913
1.042 Col4164
Q=988 ULeC0OY13
1+011 0eLUS13
0984 LeLCT13
0924 GCel4165
Oet84 CoC9149
Ce8B4  Qe1€EL
14633 CoL416b
0+921 0416710
14034 000913
04882 Uelulok
0814 0U-UT149
0e781 CelCe21
Oe8i47 UsL4l68
0749 0eL9149
0768 Ce1G71C
10059 000913
0825 OeLklbh
12007 0400213
04820 GCeL4165
0697 UeL9I149
0:677 0Qe10621
D665  Del9149
04655 0e0914Y
0:59G  Ue10621
0+6G4 Ge10710
0e528 0010621
14060 Lo 0913
04495 (e10621
U493 LelUERL

8Ye120

JEN(n)e

Q.LS724
0eGH724
Ge05774
GelS5724
0«0572C
0e0L723
0.0b715
005720
005723
Ue 05664
GeCH724
0.053E4
Ge0562]
GeGS6L3
0+057C6
0005715
0+05720
0+05723
8.05723

+C5706
05691
C+G57C6
CeC5715
Oe056L4
0eCHEC]
0eG2720
0+05715
0+05633
0eQlCH0
OeCO3EL
0+056¢€4
Ge027C6
D«056L3
005354
005691
U+05715
0+G56€4
0:05720
Ge USSR
Ce0b3E4

He

c16976F
197.+65%
192+ 66%
ECBe21U

THE TBTAL RESPONSEL H6F ALL G6THER MECES Al

TOTAL RESFONSE =

1UE3204G63

HISTBIRAM PLET EBF PE<CENTASE FLSFONSE AGAINST NOR4ALISED RESONANCE FREGUENCY.

FhN/F
00493
CesSS
Qe5c8
0552
Oeb6LY
0635
0+665
Qeb77
0637
Oe749
0e768
0e781
0e814
0820
0+825
0eB47
D+86E2
Q+8b%
Oe8b4
0+921
Qe5e4
0e948
00963
0+9€8
0984
Q985
0+986
0«9k8
0e552
Q.992
0+993
14006
10007
1.0C8
1+011
1033
14034
10042
1059
1060

oo

QC00LAVQLOCO
0ULO0LOUOLOLG
00
00000L00CLOLOS
0000G0

00

0000L0

0000L00OL 0C
s}
0

o]
oo

BN RESPONSE « CUMe RES» PR PCR  SXW/AW SYW/AN
2eCU0 13642+12% 136424121 120831 120831 1543 9999996
2000 12542 hcH 261844945 11797 244628 2¢314 9999+996
2000 12317.566 38502+512 11585 360214 44629 9999996
Z+G00 11287+168 49789+680 10+:616 46+830 1157 9999996
€°E60 67644020 56553+699 6362 53.192 0926 40317
1+GUO 5875367 62429+066 5526 58,718 10157 Beb34
3e240 4940918 67369938 heb47 63365 0926 20878
€¢560 48294172 72199063 4e542 67+907 14157 &e317
1.000 3301595 75500+625 3+105 71013 14543 8+634
37867 2207156 77707+750 2076 73.089 00771 10439
2+6G00 2036630 797440375 1916 75+004 0e926 9999¢996
3+E7R 2014876 81759+250 1895 764899 0774 1+079
3+698 1991.250 837500500 1873 78+772 0771 14727
34842 1929.050 85679+500 10814 80¢586 Qe771 1233
3543 1741637 87421125 1+638 B2+224 Q926 2+158
3e240 17214686 B9142+750 1619 B3+BAd 1157 20878
24560 15684831 90711563 1+476 85+318 1+543 4e347
1.G00 1353320 92064+875 1.273 86.592 0+926 80634
1000 1174956 932394813 1105 87:697 20314 80634
30543 99B8eu479 942384250 0+939 88+636 04771 20158
3698 855+939 95094+188 0+B805 8Fekhl 04926 1727
3543 822760 95916+938 G774 90.215 10157 20158
3e240 655889 96572+813 0617 90+832 1+543 24878
3e787 5564316 97129¢125 0523 91355 0926 10439
34698 5104475 97639+563 Ce 480 914835 1.157 1727
24560 475205 98114750 Osbu7 92.282 2314 4317
3240 huhe749 9B559+438 0418 92.701 0771 2¢878
3e842 442754 93002+188 0s416 93117 0926 3233
3.903 407365 99409+500 0+383 93+500 D771 0959
34878 4060188 99815.688 0382 93.882 0926 1079
3e787 3&1+183 100196.813 0359 942y 1157 10439
36543 3764352 100573125 O+ 354 94+595 1+543 2+158
JeBu2 325192 100898313 0+306 94901 1157 10233
3,878 3004141 101198438 Oe282 954183 1157 1079
34658 270+944 101469375 0+255 95+ 438 1543 10727
3e240 253791 101723125 0239 95.676 2+314 2878
36787 225960 101949+063 0213 95889 1543 19439
2560 206+ 268 102157+313 Ce196 96+085 0771 ko317
JeBu2 207470 102364+750 0195 96.280 1543 1233
3.878 198+946 102563+688 0187 96467 1543 1079

890125 hZ = 37564375 100000
S0 75 100
! 1 1
LEGEND
FMN/F = Resonant frequency of m,n mode /frequency
JZMW) = Joint acceptance In x~direction, ]:‘(u)
J2N(W) = Joint acceptance in y-direction, j:(u)
=H?
H H @/umJ
BMN =8
mn
RESPONSE = Response of m,nth mode (g2/(psi)?)
CUM, RES. = Cumulative Resporse
PR = Percentuge of total response for m, nth mode
PCR = Cumwiative resp [ ge of total
SXW/AW = Structural wavelength, x-direction/c 1 length
SYW/AW = S 1 length, y-dI {on/e 1 1 ;.L
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Table 24: Forty Most Dominant Modes of the SLA Structure, with Rodius Incressed to 208 in., for a Reverberant Acoustic Fleld, f = 177,827 Hz

RANK

WOoNCU & W=

[
NOEYWOCONCYUOWYVEKRWYW

[y

- -

-
VWU COVOrNYr RO CUor N W

-

FREGUENCY = ALBUSTIC WAVELENGTH = 75579
N FiuhN/F  JER(e)e  J2NIk)» e BEA RESPONSE . CUMe RES. PR PCR SXW/AW SYN/AW
14 0e987 (el357/ GCe02850C ZC0«&5C 3¢959 4192047 4192047 114756 11756 14026 1e230
16 0¢972 .uelDl44 0002764 139+SBC 30969 40770332 B82695+379 11435 23+191 1154 14077
17 10033 0el5144 (e0czU7C 10B«957 3972 2385288 10654+664 6+689 29880 1.154 1.013
15 1¢03& 0e(3577 0+02827 93.578 34965 1950416 12605¢078 5+470 354350 1.026 10148
11 00995 (sC11Cu GeO2ZR73 2224923 34935 14340643 14039719 44023 39.373 De924 1566
13 Qe94z 03577 002861 ©De847 34953 1253367 15293082 3+515 424888 1.026 1325
15 00917 Cei9144 Q002827 34+465 39965 1028581 16321660 2885 454773 14154 1e148
17 Ge92L Ueib2b. 0Ue0E07C 40e790 3.972 916543 17238+203 2¢570 48343 1319 1013
ic 10C32 UelL13CU Oelclbd 1114613 3e945 715.030 17957+230 2+016 504360 0«924 10436
1¢ Oe964 UsL110U 002876 108515 30921 696+ 740 18653969 14954 620314 0e924 10723
iz 0¢90% OsC3977 (e028B4R 25+909 3945 542+ 806 19196+773 1+522 534836 1.026 10436
ié 14093 LelL3577 0402764 230168 3569 47Ce636 19667406 1320 554156 1+026 10077
14 0e867 UelLS5144 0+02REC 194372 3959 461810 20129+215 1295 56451 1154 1230
16 0864 (o0528u 000764 14+89C  3.9t9 4460 k36 20575+648 1252 574703 1.319 1077
5 090996 (oLU3BR 0.028E4  £23+4596 3698 436207 210114852 14223 $8+926 0e840 30445
[ 1eG10 UeLU3SH 'CeCR28K3 201785 3787 402961 214144809 10130 60056 0«840 24871
4 0+985 L0393 0-C2hts 192.018 34543 358+980 21773785 1007 614063 0+840 44307
18 0e991 UelbdZbu G+0ulb? =Z13e1l4 34975 351261 22125035 0+985 62048 14319 0957
9 0936 ULeL11LL Ue02879 Szeb20 34903 335.933 22460+965 0e942 624990 0924 1914
11 DeB67 (e(3L77 Ge02873 15¢317 3935 320.570 22781+531 0899 63889 1+026 1566
13 0822 Ues(S1la4  (eCibel Qe26]1 3+993 278911 23060441 Qe782 bhe671 14154 1325
3 0977 UeL0353 002805 156675 3240 2684227 23328+668 Ce752 650424 0+840 Se742
7 1+0P8 UelU3ba 0e(2bE2 127.221 3+842 257646 23586313 0e723 66¢146 OeB40 2e461
15 0«809 UsL5ZBC 0e0cb27 50165 34965 250114 238364426 0701 664847 1319 1148
17 GeB31 0eLS3%5 Qs0207C 1Ce117 3972 230+569 24066992 Deb4? 67454 1539 1013
13 1¢G73 Ge(1100 Oe0zBel 354432 34953 2284173 24295164 0640 68134 De924 10325
1¢ 0837 (e 3877 GeC2H76 1C»759 3.921 224+653 24519816 00630 68764 1.026 10723
& 00914 CeL1I0L OeC285C 32.2L7 3+878 204802 247244617 D574 69+338 Qe924 2153
1z 0783 Ce(5144 0s028€8 6567 30945 197+690 249229305 De554 694893 1154 10436
e 09971 GCe(0353 0+028E5 133678 24560 180610 25102+914 0+507 700399 04840 8:613
16 0e7€9 (eLHIES 0eCETEM 5916 30969 179.915 252824828 0505 704904 1539 1077
9 C+812 003577 002873 &¢405 34903 174824 254574652 Qe 490 71394 1026 14954
14 02759 Ue(S5285 G«0285C Se47C 3959 168677 25626+328 De473 71867 1.319 1230
11 04750 Ge(S5144 (CeC2873 Sel41 34935 154732 257B1+059 Os 434 72+301 14154 1566
-} 0¢7%2 (L3577 0+028HC 740582 34878 1454827 25926883 0409 72710 1.026 2+1583
7 0¢895 Uel110u 002882 23¢103 3e842 145.602 260722484 De 408 73218 0924 20481
& 1¢G49  (UsLC355 0O»024EC 660895  3e87R 1364690 26209+172 0+383 73502 0840 20183
17 14153 0+(3877 0-0207C 84713 3.972 132¢644 26341813 0372 73874 1.026 10013
1¢ 0e722 OeLD144 002876 4e314 3921 1294545 26471355 0363 . 74237 14154 10723
7 0¢776 (eC3E77 0e«028E2 6e225 3+842 127.53%0 265981941 0+358 74595 1026 2ed6]
THE TOTAL RESPONSE UF ALL EIHER MOCES AT 177827 HZ = 90584965 10U«000
TOTAL RESKFONSE = 35657906
HISTc3RAM PLST BF FERCENTAGE PESFF\SE AGAINST 'NERMALISED RESBNANCE FREGUENCYs
0 43 50 75 100

FriNsF 1 I 1 1 1
Oe7c2

Qe7:0

00759

Qe76¢3 C

Q776

Qe783 0

0+792

QeBLY ¢

Q812

0822 O

Qe831 ¢

Q837 C

Q<864 C

0«867 C

0+867 ¢

0895

0e3(2 GO

0e¢914 C

0517 QOO0

04925 CO0

0s936 C

0«42  GCOO

Oe964 0O LEGEND

0+971 ¢

0+572 GLUOLOLGLCE FMN/F = Resonant frequency of m,n mode/fr;quen:y

0¢977 © J2ZM(W) = Joint acceptance in x-direction, j- (w)

g:g:? gGUOLOGGLCLo J2ZN(W) = Jo:nl acceptance in y~-direction, j:(o)

00991 H = H2{,

0+595  C0CO W)

00956 G BMN = B

1.010 ¢ RESPONSE = Response of m,nth mode (92 /(psi)%)

1:83: gO CUM. RES. = Cumulative Rasponse

1033  00GGLOV PR = Percentage of total responss for m,nth mode

1+038 000CL PCR = Cunwlative tage of total resp

12049 SXW/AW = Structurel wuvclengih directi ucoushc length
14673 ¢ SYW/AW = Structural wavelength, y~directl t length
1093 ¢C

1.153
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Table 25: Forty Most Dominont Modes of the SLA Structure, ylfh Radius Increased to 208 in,, for a Reverberant Acownstic Field, § = 223,871 Hz
FREGLJENCY &

RANK M N
1 8 2¢
2 11 s
3 16 17
4 95 19
S 10 16
6 9 18
7 7 21
8 11 13
9 12 1¢

10 8 21
11 11 1%
12 12 9
13 12 1
14 16 1%
15 8 19
16 11 12
17 10 18
18 9 17
19 s 20
20 12 8
21 7 2G
22 7 22
23 11 11
24 e 21
25 6 22
26 10 14
27 11 1e
28 12 12
29 12 7
30 8 1t
N 9 16
32 11 10
33 13 3
3% 10 13
35 1e 3
36 10 19
37 7 1%
38 13 e
39 13 4
40 11 9

THE TOTAL RESPONSE

FMN/F

0e987
100
1+022
1023
0974

‘0e968

0965
0+9C7
0998
10050
10045

0973

1026
04936
0+928
0933
1+C74
0+916
1.0&2
0952
0e9C2
1032
0903
0e892
0+959
0889
1.C90
1057
0934
00872
0+868
0876
1+G13
0+853
0918
1129
Ce843
1.0C7
1022
G853

TBTAL RLSFONSE =

HISTEGRAM PLOT OF FERCENTALE KESHFENSE AGAINST NORYMALISEC RESONANCE FREGQUENCY.

c23e571

JRr(n)e

OsL 257
LeL 3502
UsLa16d
Col 193
Cel4165
GeCH159
Gethzbo
GeL 3502
Ce( 1525
Vel 4257
G302
GeC152Y
Ge01525
UelL#165
Uelutb7
0+03502
Usl 4165
Get %199
Gel 4199
UerL1925
OaL iz 66
Qe %266
GelL3502
Cel4zb3
Qe 4783
LeLl6h
Oe( 3502
OeL1E2Y
LeC1EDS
Gel4e57
GeL4199
Qe 3502
GalT3a04
Geln163
Ue( 1523
Gel w165
Golazbh
CelL 0344
GeC344
Ve 3202

BF ALL ETHER MELES AT

JEN(K) o

O«G2e39
Ce0EZR7
0+02278
OsC2ee1
O«C2282
0e02272

0.021E8

002289
0402292
0s02168
0-02285
002293
002291
Ge0228%
002261
‘V.02290
0.02£72
0eG2278
©-02239
002293
062239
000051
002291
0402158
0+005C1
0sC2287
GeU2252
0+0229¢C
0002294
Ge 02272
002252
0-0225E
0.02295
0.02252
0002294
0eCR7El
0+0e2¢1
De0229%
0402294
002293

532064965

ACOUSTIC mAVELENGTH »

he

199501
219.627
151.35C
146584
145e725
1214909
114217
1194003
225043
65809
74£23
143413
135574
b4 e93k
#2+995
4Be5F4
35.197
33777
29+132
780131
26275
112056
264522
Pa.217
95212
21+132
240686
53.737
49ezhu
16484
15624
17473
19C+541
12ek4b
35-309
12354
11+506
12510
153139
12938

BMA

34980
34959

3e972 -

3.978
3e969

34975

3982
3963
3e5E1
3982
3965
3903
3+935
34965
3978
30945
3+975
3972
3960
3878
34980
34984
34935
3952
3+984
3959
3969
3+945
Je842
3975
3+969
3e921
3240
3953
3767
3.978
3.978
24560
3¢543
3.903

2234571 Bl =

RANK FMN/F
37 Qe843
34 0853
40 QeBE3
31 Oe+868
30 QeB72
32 0eB876
26 Oe853
24 QeB892
21 0902
23 00903
18 0916
35 04918
15 0+.928
is 0+930
16 049353
29 00934
20 Q952
25 0+959

7 Qo965

0567

[) Q4968

12 0.973
5 0e974

1 0987

9 0.998

2 1.004

38 1+007
a3 1.013
39 1.022
3 1022

L 1.023

13 1.026
22 1.032
11 14045
10 14050
28 1.057
17 1.074
19 1.082
27 1.090
36 1e129

~TCOCCDO ococOCcOocaCo
ocC

[e1s]o]e]5}
0000cC0L
coo
[Je]ele]eli1o

cooGLo
00G0C
00

[+

[o]¢]

[o]¢]

1]

¢}
[
*]

-
i

89

604035
RESFBNSE » CUMe RESe PR PCR  SXW/AW SYW/AN
39169491 39160491 7361 70361 10453 1084
3605605 7522+094 €777 144137 1057 12549
2952+985 10475078 5550 19+687 1163 10276
2865639 133404715 Se386 254073 1+292 1e141
2845776 16186488 54349 30+422 10163 1355 .
2393.026 18579.512 4o 498 34+919 1292 1205
2166687 207464195 *e072 38,991 10661 1033
1951.868 22698+063 3:668 420660 14057 v 1668
1596+419. 24294+480 3+«000 45:66Q 0969 2+169
1245+647 255404125 20341 480001 10453 19033
1225+563" 26765+688 24303 504305 1057 1ekbb
1012.928 27778+613 12904 520209 0e969 20410
964718 28743.328 1813 S4e022 0969 1972
877724 29621+051 1+650 55671 10163 1e44b
852+118 304730164 1602 §7+273 10453 1elhl
795833 312684996 10496 580769 140567 1807
. 685¢365 31954359 1.288 604057 1163 1205
66434 326184703 1249 614305 1+292 10276
S64137 33182.840 14060 624366 1292 1084
S48+ 406 33731246 1031 63396 0969 2¢71¢
516+960 34248.203 Q972 644368 1066} 1084
493881 347424082 0928 650296 10661 0+986
4330414 35175492 0+815 660111 1057 1:972
4230142 35598+633 - 0795 66906 1938 1+033
4214319 36019+949. 0+792 67+698 10938 0+986
412+587 36432535 0775 68473 10163 12549
405360 36837.895 0e762 694235 1057 10355
383.221 37221113 0720 694955 00969 10807
342483 37563.594 Oebbd 70599 0969 3+098
328+ 024 37891+617 00617 71.215 10453 14205
307+574 38199.188 0e578 71794 10292 1355
264653 384834840 0535 72329 1:057 20169
251931 38735.770 Cea73 72.802 0«B89% 7229
250+607 389864375 Qea71 73.273 1¢163 10668
242092 39228+465 0455 73728 0969 34615
239+583 39568047 0450 74178 14163 101438
228542 396964586 0+430 7he608 1661 10141
222.018 399184602 Oes17 75.+025 QsB9% 100844
221e4lb 401404012 Qeslb 750441 0894 Se422
2L9# 35S 40349863 0e¢394 75836 1057 22410
12857.102 100.000
SG 75 100
1 1
LEGEND
FMN/F = Resonant frequency of m,n mode/frequency
J2M(W) = Jolnt acceptonce In x-direction, j':(u)
J2N(W) = Jolnt acceptance In y-dirsction, j"‘(..)
P
H Hiw/u mn)
BMN = ﬂ““
RESPONSE = Response of m,nth mode (g2/(pei)?)
CUM, RES. = Cumulative Resporse
PR = Percentage of total respomse for m,nth mode
PCR = Cunwlative resp P tage of total resp
SXW/AW = § 1 1 ;4’; d e /e 1 length
SYW/AW = Structural wavelength, y-diréction/acoustic wavelength




Toble 26: Forty Most Dominant Modes of the SLA  Structure, with Redius Increased to 208 in., for a Reverberant Acoustic Field, f = 398.105 Hz

RANK

WRNOO W

THE TOTAL RESPENSE

"

FREWVJENCY =

FMN/F

04999
1+G02
1000
1+001
0+993
0+996
0+993
0+989
1+014
0+981
1+G18
1+021
0+976
0972
1027
0+367
0+965
1.033
1+034
1027
0+360
12032
1+037
1+023
0+95¢
0+954
0+953
0+954
14019
0+954
1040
1043
1.052
1+049
09943
Qe 94
0940
1+054
1+C54
14055

TOTAL RESPUNSE =

39643109
J2rln)e  JEN(W)e
0sL2409 UeD1E391
OeL2413 C+01289
QeL2402 0-01292
UelL238% 001292
Gel2415 0+01289
UeuZ383 0401293
UsL2408 001291
Lel2400 0s01292
0eL2383 001293
UeL2343 0401293
usua12 0601290
0elL2400 Qe01892
LeL23K8s 001293
Gel2412 0+01290
UeL2383 0+01292
0el2333 1293
Usi2402 0e01292
UelL23843 0+01293
UelL2404 0-01291
Ceu234% 0001293
GeU2«02 001292
UeL234s 0001293
Uel2402 001291
0el2346 0401293
CeL2409 001291
UeL24Gs 0012891
GelL2413 De01290
Gel2385 001293
UeG2348 0001293
UeL2383 0401293
Ue(234n 0401293
Gel2al3 0+0129C
Uel2413  QeCLRRD
Gelez34n 001293
UsL2415 0001289
Qel2383 00G1293
VeL2415 OeClubd
Uel2400 0+01292
GeL 2383 0012593
GelL2388 GeC1E92

8F ALL BTHER MuoDES AT

47628215

HISTEGRAM PLYT BF FE<CiNTAGE FLSPBNSE AGAINST NBRYALISED RESUNANCE FREQUENCY.

FMA/F
02940
0+943
Os944
0+953
Qe954
Qe954
0*954
0956
0:960
Qe965
Q967
Qe972
0+976
0+981
0+9:9
0+993
0953
0936
00999
1000
14001
12002
1014
1018
1.019
10021
14023
1027
1027
10032

0
I

gcooccoco

ACAUSTIC WAVELENGTH » 33.76C
He BMN RESPONSE « CUMs RES» PR PCR SXW/AW SYW/AW
225+¢250 34987 14454339 14454339 3035 3035 1¢723 10543
2234799 3990 1437774 2883114 3+019 60054 2+068 1377
224818 34962 1437720 4320832 3+019 9.072 10477 1836
2244682 3+965 14234176 57444008 20983 124061 14292 2578
217960 34991 1400791 T1444797 24941 15.002 2297 1330
2234967 3.9E1 1400315 85454109 20940 17942 1216 3.857
2184263 34985 1399473 9944582 2938 20+880 1590 14677
208+538 3+975 1332+ 448 11277.027 2798 23678 1378 20143
187219 3935 11744540 12451+566 2+466 26144 1218 3+506
174107 34503 1083+579 13535145 2275 28420 1.216 4e285
166784 J4989 1071285 14606+430 2249 30+669 1+880 1e428
1652276 3+978 991226 15597+652 24081 324750 1378 24030
15Del4d 34959 941493 16579+145 22061 3481y 1+292 2475%
1384369 34958 884878 17468.020 1+866 364677 1+880 1483
131212 3969 831945 18299.961 1ﬂ7~7 ELTEY-2) 10292 2410
1184275 3878 7314376 19031336 14536 39960 1216 #eB821
113344 3950 724605 19755941 1521 410481 10477 1+928
1CB8+152 34945 6804252 204364191 14428 42910 14216 3216
106+058 3986 6804097 21116+285 14428 440338 1590 14607
131+204 34240 6684063 217844348 1+403 45740 1e143 12855
97101 34972 6194131 225034477 12300 &7 2040 1378 20269
1094879 34543 6114836 23015.313 1+285 484325 1e149 Seb42
F4ebb6B 30554 6044273 23619.582 10269 494594 1e477 1753
1480306 24560 596+660 242164242 12253 S0+846 1¢149 190283
R7+880 3986 5634872 24780113 121384 52030 1723 1607
824553 3+984% $29+233 25309344 12111 63e142 1590 1753
81004 34989 520+511 25829+852 14093 544235 24068 1e428
81le715 34953 5164149 26346+000 1084 55318 1292 24967
162+754 2000 5114555 268574555 14074 56392 1143 9999.99¢
B3+4290 30842 5104235 27367783 1071 57464 14216 54509
E7+43C 3+698 5C8.118 27875+906 10067 584531 10149 7713
7Be£37 34958 505843 28381746 10062 59593 1723 1e483
61994 34991 398+ 146 28779.891 0+836 60429 2068 14330
6E¢771 3787 397.333 29177.223 OeB34 614263 1149 6ea28
6leluh 34990 393.085 29570+305 0825 62088 24297 1377
62+829 3+787 379401 29948.703 Q797 624885 1e216 6e428
57356 3991 3680717 30318418 Q774 630659 24584 1+330
57329 34980 3664118 306844535 Ce769 Ghe 428 1378 14928
58046 3953 365821 31050355 De768 65+196 1+216 20967
56550 3972 3604748 31411302 0757 65953 1292 2269
395+ 1G% HZ » 16215+113 100.000
2% 50 75 100
1 1 1 I
LEGEND
FMN/F = Resonant frequency of m,n mode/frequency
J2M(W) = Jolnt acceptance in x~direction, j:‘(o)
J2ZN(W) = Joint acceptance in y-direction, j'f(u)
= n?
H =H (u/um "
BMN =8

1033
1034
14037
14040
16043
14049
1052
1+0%%
1e0b4
1055

OCQCONOCOoOCC

mn

RESPONSE = Response of m,nth mode (g?/(psi)?)
CUM, RES. = Cumulotive Response

PR =

Percentage of total response for m, nth mode
PCR = Cumulative resp P tage of total response
] length, x-direction/acoustic w

N

SXW/AW = §

Lt o/
SYW/AW = Structurol wavelength, y-direction/acoustic wavelength
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Table 27: Forty Most Domi

RANK

QNS U T W

THE TOTAL RESFUNSE OF ALL CIHER MELLS AT

14

LRSS R e, YRR ENFWONSFCNRWOCRFOC RN WR T

FRELUEMCY =

N

CWRNWNFUONN IO NAEIENNCOWOIWREINCFORUORNSIRNWR XU

FMN/F

1021
1+020
1.02%
1+C20
1020
1.022
1020
0872
CeB44
0+80%
14024
19195
074y
1.169
070}
1.232
Oeba(
00639
0552
1.288
0.893
0+516
1.153
Oe42]
0420
0292
0-329
0.213
10388
1.332
Q%20
0063
0«0k
OelZ6
Osl64
Qe212
0054
1+38%
lenby
0747

TOTAL RESFONSE =

Modes of Republic Cylinder No. 12 (18 In. Radius by 54 In. Length by 0.020 in.) for a Reverberant Acoustic Field, f =891.248 Hz

t9lechs

J2iin)e

CelbESD
Le 6920
Ce(6ELY
C=(a951
Usih571
Lel4h35
QeL6%73
Celbell
Cel 63D
CeLb6220
Oelliby
LelL6611
uvel 6951
Get %435
UelL6R3D
LeLBE3Y
GeL6SRI
UeL6971
06951
0eL6920
Gelnb3s
GaL 6920
UeL 1289
QeL6I5L
Oeln971
UsCHY71
UsLb95]
Ceu 6971
Ge(6611
Leau 4439
Ge5929
GerL 69729
Ge( 56972
Csvot?79
Ger 6971
CerL 6979
GelbY97%
Gel 60951
LaLbEED
CeLbb1y

81764820

JEN(R) .

UeCBEL3
0=06540
0s06417
[T +13-11-
0+0E570
Lo 05Bh3
Gel6b75
C-05BE9
Geeate
0006503
0e0U733
C»0865(3
0 0654C
GeGL412
GelSbaD
[SEX TN o
GoGlklr
0+06559
006503
0+005%9
0+0L733
00889
0e05n89
Oe 06412
006540
0+0650L3
0+ 05889
QeUbLM12
0+0654C
V08503
Q06570
006412
0+065C3
Us 06540
0eGC5869
0«06%%9
QeCbha9
0«ULL70
0-CbL%9
0s0U733

oco

ACBUSTIC WAVELENGTH s

He

S46e261
353552
333.404
357000
3506262
313314
3584013
17-192
11.986
he0CS
2850290
Se425
Se008
74333
3568
3714
2eB6E
2e854
2-070
20274
24060
1857
9335
10476
14473
14195
1258
1098
lel61
10664
1e473
1008
leClh
1+032
1056
1.096
1006
leloh
Ge767
5+169

BMA

3.698
3543
3e787
3240
2560
Jebap
1000
30842
3e7&7
30698
3878
3698
3e543
307867
3eB42
34543
34787
30240
34698
34240
3878
e 842
3842
3e787
30543
30698
3e842
34787
34543
34698
2+560
3e787
3+698
3.543
3. 842
36240
3¢842
2¢5¢0
36247
3878

£591e24E HZ =

HISTGSRAM PLYT tF FE-CeNTAGE RESPENSE AGAINST NURMALISEC RESHNANCE FREGUENCY.

FMN/F
0e0b4
0+063
JsCo4
Os+126
Orlb4
0212
0s213
00292
0+329
Oe&i0
Os420
Os421
0s+516
[X3-1r-4
0e639
O+640
0.70C1
Qo744
Oe747
0+805
OeBak
Q.872
0893
1.020
14020
le020
1.020
1.021
1.021
1.022
1024
10151
1e169
10195
1+232
1e239
1332
1388
1,388
1e468

(o}
1

9
v

000GL

LO0LLOLELLES
GOGULLOULCLCLDIGUL
0GLOLOGOLCLLULLLOL
00LOCOOGLECCIOLEL
0000COCELLLOLLVO
00LLLOLCLE

25
1

15.080
RESPUNSE » CuMe RES. PR PCR  SXw/AW SYW/ANW
14229542000 14229544000 17403 17403 1e432 1500
1417510.060 2B40464+000 17+336 34739 1.790 1+875
1337858.000 41783224000 1692362 51.102 1194 1250
1315435.0C0 5496757.000 16+125 67226 2.387 2500
10500C5-000 65467624000 12+842 80+068 3581 3750
7859734688 7332735.000 9613 89.681 1.023 10071
411252313 7743987000 54030 94710 7162 7500
64279168 7808266000 0786 95497 1194 10073
497260242 7857992000 0608 96+ 105 1.432 1250
33310375 7891302.000 0+407 96+512 1790 1500
£26113.129 7917415000 04319 96.832 0895 0938
215640488 7538979000 0+264 97095 10194 14500
20167488 79591464000 0247 97342 2387 1875
19741.805 7978887000 [ZY-1 3] 97+583 1.023 1250
14951328 7993838.000 0e}83 970766 10432 14071
14705879 8008543+000 0« 180 97946 1432 1875
12035.230 8020578000 0147 984093 1+790 10250
10568+941 8031146+000 0e129 98s222 3.581 2500
B651+738 8039797.000 0+106 98+328 2.387 1500
8361254 804815B8«000 Qel02 98431 1790 24500
7578852 8055736+000 0093 98523 1.023 0938
7267+316 8063003-000 0089 98612 1790 10071
6804570 8069807+000 0083 984695 0895 1+071
6227199 8076034000 04076 98771 2387 125C
S949.684 8081983.000 0+073 9B BhN 3.584 1875
50064758 8086989.000 0061 98905 3+581 1500
49444695 8091933.000 0060 984966 2387 100714
46440547 8096577+000 04057 99+023 3.58%1 1250
hauhe172 8101022000 0054 99.077 10194 1875
4436520 8105458.000 0+054 959131 1023 1500
4321148 B109779.+000 Qe053 99+ 184 7162 3¢750
426Y9+395 8114048+000 0+052 994236 7+162 1250
4295516 B8118303+000 C«052 99.288 7162 1500
4173637 B122476+00Q 0+051 99339 7e162 1875
4163367 8126639+000 0+051 99390 3.581 19071
4064387 8130703000 0050 99+ 440 7162 2500
3970041 8134673000 0+049 99489 7162 1+071
3401310 8138074000 QeQ42 99530 2387 3750
2712189 B8140786+000 0033 99563 1e432 2500
23964409 8143184000 0029 99593 1194 0+938
33298+000 100000
50 75 100
! 1
LEGEND
FMN/F =R freq y of m,n mode/freq y
J2ZM(W) = Joint acceptance in x-direction, ]:‘(u)
J2N(W) = Joint acceptance in y-direction, ]:(u)
= R?
H H (u/umn)
BMN = ﬂmn
RESPONSE = Response of m,nth mode (g®/(psl)?)
CUM, RES. = Cumulative Resporse
PR = Parcentage of total response for m, nth mode
PCR = Cumulative resp p ge of total resp
SXW/AW = St  wavelength m 1w 7 1 PP
SYW/AW = § | wavel bt At 2 rr /e " 1 }L
9
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Table 28: Forty Most Dominant Modes of Republic Cylinder No. 12 (18 in. Radivs by 54 In, Length by 0.020 in.) for o Reverberant Acoustic Field, f = 1258.924 Hz

RANK

VRN W=

THE TOTAL RESPOBNSE

M

o

-

-

- I
COoOXULFrVONFsrVENNCNO-NW®ENY

FREWUENCY a 1e5ce924

N

-

NOUNC P VVOWFOrONTrNCERTVPPWEFFrONCWRC SN NNWROE

FMN/ZF  Jgliin)e  JE2N(w)e

0sFB4  Ueusbl7 De04654
00983 Uelo903 008648
14019 Geledll 0Us04662
0e82 UslLwI36 0404673
1040 0Qe(4221 0004671
1012 UeluBAy O»04usl
04957 (e 2967 0s046s1
0943 us 4376  TeD%0HR
10042 0eL2967 Dsl4bhy
10064 0Qeusd76 0e0ko6R
04988 0eLI317 0604617
0e914 Usiudll UeG4bhH4
1¢079 Oeo4617 0s346€E2
02913 0OsiLs33) 0sd4a?1
00996 UsiJled  De043E1
0892 Uesilubl] 004651
14012 0elLU167  0s049e3
0872 0wsu4921 Qe046€d
10125 GeLubll §e04tno
10124 GeLaY03 004071
CeBlbo  0sL4T0E 0004062
00876 ULeL2967 (0204617

“0e%63 Lelupes  UeG4563

04936 ULLLK2Y  Oel4617
Oe828 Lelab76 OUsU4b5L
160124 (Go4930 0eGC4673
1633 CelU24s Q+G4617
0815 UelLwdll QeOnb4l
10126 CelL2967 0004662
0806 Ueleb617 (04617
10173 Corubl7 Oe0Q466R
1183 CeL4A76 0004671
10089 (eu0820 Ov04bha
0799 (Qe(.226¢7 0r04be3
00726 Ue(4E7E Os04fa1
Qa725 ColuEll GeCu€17
0723 CeL49C3 (4654
0723 Cela921 Qe04662
00727 GeL4E17 00045B€3
1058 CaL0317 OsQebs1

TOTAL RESFONSE = BLeéb51000

- e

n
WONWNCT ==y

BF ALL BTHER MELES AT

ACDUSTIC WAVELENGTH =

- He

484914
h460125
382+0S7
437747
129.986
584812
1241606
75302
118612
524931
£D4eu74
354595
33.656
344639
857942
23.503
567014
17171
13.537
14.013
12.229
18095
20Be741
61.218
10+C16
14.C56
1764392
84805
13655
8073
7187
6+215
27956
7617
44398
4ehgd
be378
4a36E
hehTh
640225

BMA

3.787
3543
3698
2+560
3240
3842
3842
3698
3787
34543
3878
3787
3698
3240
3921
30842
30903
3543
3+543
3240
3698
3878
3e90u3
34878
30787
24560
36E78
3842
30693
3.878
34543
3e249)

-3e787

34903
3e842
3878
3787
3.698
3+9C3
3842

12584924 HZ =

10¢676

RESPONSE « CUMe RESe PR PCR  SXwW/AW SYW/AW
9864164063 9864164063 17+78a 17784 1124 1766
904331.188 18907474000 169304 344089 1686 20649
792289688 2683036+000 14:234 484373 1265 20119
6462600625 3329296-000 114652 60+024 3.372 54297
241993063 3571289000 40363 64387 20023 3531
213628063 3784917.000 34852 684239 0e920 1513
164212+313 3949129000 2+961 71199 1012 1513
158264+438 4107393.000 2+853 744053 1e44b 20119
155070+500. #262463+000 2¢796 76848 1«012 14766
1067464500 43692094000 10925 784773 10445 20649
85757438 44549664000 14546 804319 O« 843 1324
75449+ 188 4530415+000 14360 81.679 10265 1766
70960688 #601375+000 1279 824959 10124 20119
64605563 46659804000 1e165 Bhe124 24529 3531
51436+836 47174164000 0+927 850051 0674 14059
4B366+004 4765782000 0+872 85.923 14124 14513
421224641 4807904 .000 0759 860682 0+723 16177
34933230 4842837000 0¢630 87312 24023 20649
27642402 4870479000 22 3-1.] 874810 14265 24649
25994+ 156 4896473000 Qs a69 884279 1686 3531
25843832 49223164000 Ced6b B8+ 745 10686 2+119
240344176 49546350000 Os 433 89178 1012 10324
227060438 4969056000 0+ 409 89.588 0e778 10177
224574945 4#991513+000 Q405 89993 Q»920 1+324
215174668 $013030-000 0388 90380 10445 14766
20723914 60337534000 0374 904754 2529 54297
192894617 50530424000 0+348 91.102 0e778 10324
188804699 5071922+000 0+340 914k 14265 1513
174644922 50893864000 043185 91757 1012 20119
166844758 5106070000 0+301 924058 l1el24 10324
137184688 5119788000 0e247 924305 14124 20649
11464+789 §131252.000 0+207 92512 1o 445 3+531
100944656 S141346+000 Oe182 924694 04920 10766
10062+918 51514084000 Oe181 924875 1012 10177
9557.953 5160965000 Oe172 93048 1ekds 1513
5537.074 51705024000 O»172 93.220 14265 14324
94574391 5179959000 0+171 93390 10686 14766
9260738 5183219000 Ge167 934557 24023 20119
9197418 51984164000 0e166 93.723 1¢124 1177
9072+996 5207488000 Celbh 93.886 De843 1513

339093.000 100.000

HISTEGRAM PLET UF PenCeNTAub ktS;HHSE AGAINST NOKMALISED RESUNANCE FREQUENCYs

FmN/F
0e723
Q723
0724
0.72%
Ge727
0+799
Qe8U6
QeB81S
Q+8c8
De8u6
UeB72
Q876
0.8592
0e913
0+914
0+936
0943
0:957
04969
0+982
00983
Qedt4
0+988
0+9%6
1.012
1012
1019
1033
14040
1042
14058
1064
1079
1669
1elzé
lelcé
12125
1e126
10171
10183

0
1

0
9]
9

000
cou

£0GOLOUOLTLG
L00ULOLLLLLOVLVD
0GCLLOLGLALCCCLOVD
cC

¢}

0L0C

9
CCQULOLOLCL UG

0CGC
[¢]e1V]

00
9

50 75 100

i 1 1
LEGEND

FMN/F = Resonant frequency of m,n mode/frequency

J2ZM(W) = Joint acceptonce in x-direction, jm(u)

JZN(W) = Joint acceptance in y-direction, j: W)

H = Hz(u/umn)

BMIN = 8mn ,

RESPONSE = Response of m, nth mode (g2 /(psi)?)

CUM. RES. = Cumulative Resporse

PR = Parcentage of total response for m,nth mode

PCR = Cumulative resp [ ge of total

SXW/AW = ¢ 1 length, x-di 3 an /; " length

SYW/AW = Structural wavelength, y-direction/ocoustic wavelength
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Table 29: Forty Most Domi Modes of Republic Cylinder No. 12 (18 in. Radius by 54 in, Length by 0.020 in,) for o Reverberant Acoustic Fleld, f = 1778,278 Hz

FREWUENCY = 1774278 ACBUSTIC WAVELEMGTH =
" RANK M N - FEN/ZF u2Mieds  JBN(W) . He BMA RESPONSE o CUMs RESe PR PCR  SXW/AW SYN/AW

1 13 ¢ 00979 CeL3J20 0403319 3I64e862 2000 200981+250 2009814250 3+870 3.870 1099 9999996

2 12 0 02979 Ue(339%3 0+03319 353712 24000 199133.438 #00114+688 3834 74704 1:191 9999996

3 11 0 0e975 UsL3448 0003319, 345333 0000 197571313 5976864000 3¢804 114508  1+299 99994996

4 10 O 0997b L3461 O0e03319 339116 2000 1947240563 7928104563  3¢749 15257 10429 99994996

5 9 0 0978 Uel:3477 0403319 334600 24000 1930364813 9854474375  3¢717 184974 1+588 99994996

6 b 0 00975 UGeL3I4E2 0s03319 331409 2+000 1914704188  1176917.000° 3+687 224660 1786 99994996

7 7 ¢ 0¢978 UeL3469 Ge03319 329248 24000 1905964813 13675134000 . 3670 264330 20041 9999.996

8 & G 00977 UeL3491 0003319 327459 20000 1899334750 15574464000 -3¢657 29.987 20382 99994996

9 5 G . 00977 Ce(3495S 0003339 327025 24000 1896284750  1747074:000 3+651 33638 . 24858 9999.996
10 4 ¢ 099727 0eu3496 Go03319 326+569 24000, 1894444188 19365184000 . 3+648  37.286 3¢572 99992996
11 1 0 0977 G4(3499 Cs03319 326286 2+000 189434625 21259524000 3+647  #0+933 144290 99994996
12 2 ¢ 06977 UeU349n Ce03319 - 326¢299 2000 1894124750, 23153642000 30647 44580 7¢145 9999:996
13 3 o 00977 0eC3498 0003319 326+362 2000 189407875 2504771+000 3+647  &B+227 40763 99994996
1 18 00960 - UeL2355 0e03319 379493 24000 148309.813 26530804000 2+856 51.082 -12021 9999996
15 13 2 00959 .0e(3320 0003318 1324750 24560 93587125 2746667000 1+802 52+884 1.099 Teu82
16 12 & 0+955 003393, Gs03318 113¢164 2+560 815374313  2828204+000 14570  S54+454 1191 7e482
17 14 @ 00962 C(eL2355 0403318 153772 26560 76913063 29051175000 1481 55935 1e021 70482
18 13 1 00974 UeL3320 8-03319 72730 10CO 751134250° 29802304000 iek46 57.381 1099 14965
19 12 1t 00973 GsL3393 Ds03319 252+536 14000 71084+438  3051314.000 10369 58,750 1193 14965
20 11 % 00950 CeLI4sl 0003318  ShebBh ‘2560 693290563  3120643,000 1335 60,085 1+299 Tea82.
21 11 1 0s971 GeU344R 0903319 2324672 14000 665554875  3187198,000 10281 614366 3+299 144965
22 10 1 00965 (eL3461 0003319 2124305 1.000 608944891  3248092+000 10372 624539 14429 140965
23 14 1 00976 CeC2355 003319 294325 14000 57510+910  3305602+000 1107  63+646 1.021 140965
2% 10 2 0s944 0eL3461 04G3316  77+203 24560 56736+930 3362338+000 1092 644738 14429 70482
285 9 1 00967 0eL3477 0003319 189586 1000 547724730 3417110000 10055 654793 1+588 146965
26 13 3 00934 G+0332u 0+03318 58+506 34240 52194+188  3469304+000 1:005 66+798 1.099 40988
27 15 0 0s981 C(e(0747 0+03319 3984552 24000 49430.531  3518734+000 0952 674749 04953 9999.996
28 B 1 0964 0eL3452 0003319 165219 1.000 47725+883  3566459.000 00919 684668 1+786 14965
29 14 3 00941 CeL2355 0-03318 714077 34240 - 449K7.016 3611446000 00866 694535 14021 40988
30 9 @2 00936 0QeL3477 O0+03318 60837 20560 44919.531  3656365+.000 0865  70+399 1+588 Tea82
31 12 3 0+986 003393 0003318 47426 30240 432414688 36996064000 00833 71.232 1191 42988
32 7 1 04960 (eC3489 003319 137604 10000 39827102  3739433.000 0767 714999 20041 144965
33 11 3 02917 0Ue03445 O0+03318 37680 34240 349120922  3774345.000 00672 724671 1+299 #2988
™ 8 2 0+925 0sU34B2 0-0331k 45875 2:560 33920758  3808265.000 00653  73¢324 1:786 Te482
3B 6 1 0:953 0sL3491 0403319 107220 1+000 31056141  3839321.000 0598  73.922 2382 14965
36 15 2 0¢965 UeLD747 De03318 176:563 24560 280732898  3867394+000 D541  74:863 0»953 70482
37 13 & 0902 Ce(332C 0403317 284162 3+543 274654195  3894862.000 0529  74.991 14099 Fe741
s 10 3 0e904 (eC3461 0+03314 29197 34240 27151723  3922013.000 04523  75.514 10429 4¢988
v 7 2 00910 Ge( 3489 0003318 324720 2560 242414824  3946254+000 0-467  75.98% 20041 7482
40 14 & 00913 (L2355 0403317  3I4e87B 3+543 24135:578  3970389.000 0¢465 76446 1e021 3e741

THE TOTAL RESPONSE BF ALL GTHER MULES AT  1778¢27h HZ = 1223353.000 100000

TBTAL RESFONSE = 513374200060

HISTOGRAM PLET BF PERCENTAGE FESPONSE AGAINST NBKMALISED RESONANCE FREGUENCY.

[} 25 50 75 100
RANK FHN/F 1 1 1 1 1
3z 0s902 C
38 0s904 0
39 0910
40 00913
33 0917 G
34 0.925 ¢
31 0+926 ¢
26 0e934 0
30 Q0e336 O
29 Ge941 C
24 0e944 O
20 0.950 ©
35 06953 ©
16 0.955 0OC
18 0.959 00
32 0e¢960 O
17 Qe9¢62 0
28 Qe964 ©
36 0e¢965 O
25 Qe967 ¢
22 0+9869 O
21 Qe971° 0
19 0e973 C LEGEND
;; g:g;: g FMN/F = Resonant frequency of m,n mode/frequency
11 04977 00UO JZMW) = Jolnt acceptance in x~-direction, j:‘(u)
::zi g:g;; 8ggg J2N(W) = Joint acceptance In y=-direction, j:(u)
10 0.977 0ULOO H = HlE
3 0+977 0COO ©/op)
8 0977 00GOG BMN = gm
I e Soeo RESPONSE = Response of m,nth mode (2/(ps)?)
5 04978 CO0OG CUM, RES. = Cunwlatlve Rerpores
» 0978 000G PR = Percentage of total resporss for m, nth mode
3 0¢978 0000 PCR = Cumylative resp pel of total resp
2 06979 0COC SXW/AW = § T wavel gth direction/t ic wavelength
1 Q0+979 0COO SYW/AW - gt 1 (1 ;.L’ y A, T /e t 1 g 1
T 1a Qs960 000
27 0981 O
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Toble 30: Forly Most Dominant Modes of Republic Cylinder No. 12 (18 in. Radius by 54 in. Length by 0,020 in.) for o Reverberant Acoustic Field, f = 3981.065 Hz

FREGJENCY = 3v81e065 ACBUSTIC WAVELERNGTH m 3.376
RANK M [ FMN/F o2b:(wd)e J2N(W)e He BHMA RESPONSE « CuMs RESs PR PCR  SXW/AW SYW/ANW
1 29 7 0+439 0e(1523 O0+Cléba 10535 34842 334.001 334+001 De145 0145 1103 4786
2 2b 7 00435 (01536 0+014&8 1520 3e842 333.792 667794 Oelad 0e289 1e143 40786
3 29 & Oe434 (L1523 (+01455 1515 3.878 333392 1001+186 Oelké 0433 14103 hel88
& 28 & Qo429 (e 1536 QeQL4EE 1.502 32878 332.916 1334+102 Delih 0577 lel43 4188
5 30 7 Os444 Ce( 1562 O0s01488 1551 3842 332899 1667+000 Oelbh 0721 1+066 4786
6 28 6 Ce440 G(e(1536 0Oe0148K 1537 34787 332681 1999+681 Os 144 0865 1143 Se584
7 29 6 Oshis (oL 1523 0001488 16551 34787 332634 23324315 Oel4s 1e0C" 14103 Se584
8 30 & Oe439 (e(1502 0e014EB 1+535 3878 3324543 2664858 Osléd 1153 1.066 42188
9 27 7 0431 0e01543 O0eCl4ER 1506 3e842 332071 2996929 Oslbé 1297 1185 4e786
10 29 9 00429 Le(1523 C+01458 1500 3903 331.57%5 3328504 Ol Llesal 10103 3e722
11 30 6 Oedk8 O0«L1502 OCeCl4sR 1¢566 3+787 331298 3659802 Qo143 1584 1066 5e584
{e 27 6 0«436 CellB43 QeQ14ER 14524 34787 331.239 3991041 Oe143 10727 1185 5¢584
13 3¢ S 0434 001502 0001448 1518 34903 330987 4322027 0o 143 1.871 1066 3e722
14 27 & Oed24 (el 1543 001458 1487 3878 330916 4652941 0143 20014 1185 4e188
15 28 9 02423 001535 (eO0lbbE 14483 349C3 330.831 4983770 Oel43 20157 16143 3e722
16 26 7 0s426 Gel154a QeOClh:d 1493 FeB42 330.179 5313945 0s143 2300 1230 he786
17 26 6 O+432 Ue(1545 0001458 1451z 34787 329.644 5643.586 0143 2e443 1230 5¢584
18 29 1¢ Oet23 (eL1223 GeO01458 1es4b2 30921 325.0C% 597245590 Qe 142 20585 10103 3350
19 26 & Oek2( UsL1542 (-01483 1e473 34878 32E.730 6301316 Q142 2727 l1e230 4+188
20 30 1 02429 0a(1502 (e«Qlutk 1500 3921 328+675 6629+988 Qel42 24870 1066 3350
21 27 9 CohiB Gel1%43 GeClukh 1e467 34903 328.560 69584547 Oel42 3:012 14185 3e72c
22 28 5 Oshiss 0e(1536 0r014E8 1552 34698 328.123 72862668 De142 34154 1e143 62700
23 28 10 Oe417 CeL1536 0s01488 1e464 30921 328,001 76144668 Oe142 3.296 lel43 3350
24 25 7 Oe422 Ce01551 QeGCl4rg 1448C 3842 327.917 7942+582 00142 3438 1.280 4e786
es 29 S Osdt8 CelL1523 (Qe0lu4bR 14565 3+698 327845 8270426 0142 3.580 1103 6¢700
26 25 6 0e429 001551 0+014b8 16500 37587 3274699 8598121 Qs142 3.721 1+280 5¢584
27 27 5 Oeksl  Oel1bsd QeOlbsn lebkl 34698 3264950 8925070 0342 3863 1185 6700
28 3¢ 5 0452 (sL1602 001448 14579 34638 32643158 9251+383 Orldt 4e 004 1+068 60700
2% 25 & Ce415 CeL1551 G-Cluz8 1+458 32878 326+160 9577539 Osl4l 40145 1.280 4188
30 2¢ 9 Qet12 Co(lb43 Q001458 1451 34903 326098 9903+633 Qel41 40286 1+230 3e722
31 29 1 Oshle 0eC1H23 0:014n7 1e463 34935 325.973 10229¢605 Oel4l beu27 1103 3e046
32 30 1 0423 L1502 0s014s7 1482 3935 325.893 10555496 DIBE S 4569 14066 30046
33 24 6 0425 (e01553 0e01448 1e489 377 3254730 10881223 Oelél 40710 14333 5584
34 26 5 0¢438 Gel1548 0e014b8 1+529 3698 3254647 112064867 Oel41 4850 1230 €2700
35 24 7 Oebll 0e01553 0e0l48R 1s467 30842 325:5610 11532.477 [I3T 3] 4991 1333 4e786
36 27 1iC Ov4l1 OsL1%43 0eCl4abB 1s447 3921 3254476 11857.949 Ovlél Se132 10485 3+350
37 28 1t 00410 O0el1536 0e01487 le44d 3535 3244725 121824672 Oel4l G273 1+143 3046
38 25 S Q«434 OsL1%H1 001488 1519 3.698 324-017 12506688 Oe140 Se413 1280 6¢700
39 23 & 0e421 0eC1H55 0UeCles8 1+478 3787 323.619 12830+305 0e¢140 5553 1393 Se584
#0 24 8 0+410 CeD1HS3  0e0luss lekgi 3eBTE 323.529 13153.832 Qe 140 50693 1+333 ko188
THE TOTAL RESPONSE UF ALL BTHER MEDES AT 3981065 HZ = 2178944375 100.000
TBTAL RESPONSE = 2310450250

HISTESKAM PLOT UF PERCENTAGE RESPONSE AGATINST NURMALISED RESONANCE FREGQUENCY.

0 25 50 75 100
RANK FMN/F 1 1 ! 1 1
40 Qedai0
37 Qes1d
36 Qes11
30 Oe412
29 0et15
31 Qe416
23 Qo417
s Oe418
21 Qo418
19 Qs4z0
39 Qedcl
24 Jekz2
18 Oekz3
32 Os423
15 Oe4z3
1% Os424
33 Qo4
16 Qeé26
10 Qo429
20 O«429
26 Q429
s el . LEGEND
:; g::gf FMN/F = Resonant frequency of m,n mode/frequency
3 Deblsh J2M(W) = Joint acceptonce in x-direction, ]m(u)
3; g::;; J2N(W) = Jozint acceptance In y~direction, ':(u)
12 04436 H =H
KL} Qo338 (Q/um")
8 00439 BMN = Bon
b Suvas RESPONSE = Response of m,nth mode (g2/(ps!)?)
27 0:::1 CUM. RES. = Cumulotive Response
5 Oebis PR = Percentage of total resporse for m, nth mode
7 Oeitud PCR = Cumulative resp P tage of total resp
ee Qo444 SXW/AW =S I wavelength, x-direction/t i length
25 Qeihud SYW/AW =§ 1 length, y~direction/! T length
11 Qo448
28 Os452
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Toble 31: Forty Most Dominant Response Modes of Flat Plate (10 in. by 12 in. by 0.040 in) for Boundary Layer Turbulence (U, = 9610 in./sec; &, = 12.0 in.}, f = 3069.877 Hz

ALPLETIC WAVELERGTH = 3.1%6
RANK B0 | FRNZF  uen (de Siithie)e He (AN RESPUNSE » CUMs RESe PR PCR  SXW/AW SYw/AN
1 6 & 1.0L0 ©rL16Z6  £99sSan 4eCLO 47EQU4-875 4780044875 45+021 45021 14043 0e469
2 5 9 116G 490l 400D 16195844750 639989¢625 154257  60+278 1252 0417
3 b6 5 1eC11 CC1eh5C  4eCO0 12F4Uh 43R 7683940063 120094 724372 Qe782 0e751
« 77 14C32 1R3et7e 40000 ‘Be651:563 8570454625 B350 80722 0¢89% 0536
s Y 1 1:01¢ 46Ye P62 4e 000 S4115e441 911161+063 54097  85.819 04695 34755
6 7 & 0920 LUt La0UO AC502e344 931663375 1931 87750 0898 0626
7 3 1 Ce974 LBEenE1  4s0LO 137764074 945439438 10898  B89e0s7 2+086 0376
8 9 z 1ol Uelebuf  119+567  4eLGO 1360L8+672 9590484063 1282 90329 04695 1878
9 4 4 0e934 GeLaD13  b7e669  4eLLO 12675949 971724+000  1¢19%  91.523 0.782 00939
10 & 7 0:873 [V 3 4eliL0 9366+051 981090000 0eB82 92»40S 14043 0536
11 7 b 0+k25 De0idHE 4e0UD 986185+750 0480 92+885 0894 0e751
12 4 v 1.CéE ietilae ERyves : 9912134625 Qv474 93358 1565 0s376
13 6 9 1e147 Sellbih “e0LO bOUbole 996220000 0e472 93830 14043 0ed17
14 5 & Gebols 4o OLL 3994.996 1000214938 0376 944206 1252 Oeh69
15 & & 10156 42000 39¢4¢930  1004199+813 04375  94+582 0782 0:626
16 & 3 0eb73 4eLU0 39584350 1008158125  0+373 94954 0.782 1252
17 7 & 1-16¢ weLlbit BeGYL  #a0UO 3723.394  1011881+500 04351 95305 0+894 Qo469
18 9 3 1+CHY NeL1%64 Fecbl e GLO 4444240 10156326313 0324 954630 00695 1.252
19 o 6 Q7% 0.01722 5sL 17 400N 3211.506 1C18538¢063 04303  95+932 14043 0+626
20 7 & 0e747 Celldle La0i913 He111  4eulD 27664750 10213044813 0261 96+193 089 0939
21 & 9 0sBYs  we.Zan  UeClbes g z 4o GLO 24L4e 388 1023759188 00231 96424 14565 Oed17
2 & ¢z 00830 Levwéls Le02LLT 4eGLO 236B+608 10261274750 00223  96+647 0782 1.878
23 7 3 0ebE7 Leil3ls 0sG1YcH 4000 1957250 1028115+000 0-187 964834 04894 14252
24 6 B 0e6b3 ULeilibe Callhhy 4e000 1926270 10300414250 0181  97.015 1¢043 0e751
25 b 1 0s80 CLelafic  Ue02lLES 44000 1860428 10319014625 0175 97.191 0+782 3755
26 7 & Qebua  Lellale  JeCZU(T 4o 000 16484494 10335504313 0155 974346 0s894% 10878
27 5% 1L 1e176  Cotlnbe CaL140) 4o lLO 16314023 1035181313 0154  97.500 1252 0376
28 7 1 0e618 i Cotelin 4o 0UO 14964746  1536678+000 Oel41 97641 0894 3755
29 6 4 [v23-T-1N CeC1913 4e0LO 19461662  103b124+4625 Ce136 974777 10043 0+939
30 1 11 14057 Cegi3se s l:LC 1517-u37 1039542000 Q0¢134  97.910 6+259 Oe341
31 v 7 0734 CeCa/LS 4stsl  4eCLO 1040831750 0121  98.032 1+252 0536
32 6 3 0.52% CeCafie s 1e5CE  4s0LO e 1042054500 0115  98e147 14043 1e252
33 o 2 Qetbi Celet L7 10690 wslLC 1109309 1043163+750 04104  98.251 1s043 1+878
33 9 4 Lelbs GeLi%i3  10+179  4eCLC 1107+286 1044271000 0+104 984356 04695 04939
3% 6 1 G456 Leidlle  GeL0LEH 4e0LO 1CH4+545  1C45325¢500 0099  9B+455 10043 34755
36 2 1 0+913 weluals CeGlaé] 4+0LO 1627s463 1046352938 0097  98.552 3.129 00376
37 6 10 10311 Lel(ed Laplugl 42000 922+69 1047275000 04087 984639 1+043 0376
38 7 9 1e30E  LellR)r LeClben 4o 000 K58.708 1045133688 02081  9H.719 0+894 Oek17
39 s 7 1218 Usiarilz LeL17GE : 4e0LO 830+388 1045964000 0+078 98.798 0.782 0¢536
40 b e 00622 Uelkhte uel17e? PeeBE  4+00L0 7634479 10497274000 0072  98.870 1262 Deb26
THE TuTAL RESPANSL EF ALL (THER NELES AT 3L69e877 hi « 12002.000 1004000

AJSTELRA Y PLLT UF 7 CE P ALk RLSPEONSL AGATAST welin AL TISLD RESUNANZE FREQUENCY.

o] b 55 75 100
RANK FisheF 1 1 1 1
35 e 456
33 Oeds2
32 Dede3
29 Qe5nb
28 Oe«618
40 Debe2
26 21T YY
24 0ebe3
23 Qeba?/
31 Oe 730
20 Qo747
i3 Qe 753
2% UeBuu
11 Ve8c5
ez Qe840
is Oe863
10 Qo871 2
16 Q873
21 08538
36 0e913
6 QeIca W
9 0934 U
7 0e9/5 3 LEGEND
1 1e00U  O3TOLOLO.. s ) Fulluid WE FUNL aLULBL0LALDGILOL N
2 12013 CUQOLULO", JU sy FMNF = fraquency of m,n mode/¥
k] 15011 00QOLALIL i JZM(W) = Joint acceptance in x-direction, ] (a)
PO St o JIN(W) = Joint acceptance In y-direct}
. 1+092 00UOLOUC CC'P nce In y-direction, j2(u)
8 12041 0 H = Hl@w/u
30 14057 mn)
12 1+062 BMN = Brn
12 12003 RESPONSE = Response of m, nth mode (g2/(psi)?)
EH 1 CUM. RES. = Cumulative Resporse
13 Yelu? PR x Pcrcontogc of total response for m,nth mode
17 1s162 PCR =C p P 2 onoml ap
27 1el74 SXW/AW = St 1w ! h di i length
a9 1219 SYW/AW = S'ruclurul wuvnl.ngih, y=-direction/acoustic wcvll-ng'h
38 1+3u8
37 1311
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-C(O,f(-\ ' _ l\_/e(x,f) i A

r - T - T

0 ‘ x L

Figure 1. Pinned-Pinned Beam with End Couple, C(0,1);
Orientations of Deflection U({x,t), and Slope

0(x,t).
V(x,t) T ? V(x,t)
— > <
AN M G, 1) M (x,1) ,a
0 | x x L

Figure 2. Orientations of Internal Beam Bending Moment
M (x,t), and Shear Force V (x,t).

F (x,1) F (1)
W

i |

-F (1)

I 1 1 T
0 (xp-¢) X, (x0+6)

Figure 3. Distribution of Applied Force Per Unit Length,
F (x,t), Equivalent to a Point Couple C (xo,f)

at xo.
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|
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Figure 4. Space-Average Normalized Deflecﬁon,l U (x) |, as a Function of the Frequency Parameter a

for 5=0.10, 0.50, and 1.00.
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Normalized Deflection Amplitide
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Figure 5. Spanwise Distributions of Real, Imaginary and Absolute Values of

Normalized Deflection Amplitude for a =n (Fundamental Mode)
and § = 1.0.
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Normalized Deflection Amplitude
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Figure 6. Spanwise Distributions of Real, Imaginary and Absolute Values of

Normalized Deflection Amplitude for a = 3w (Third Mode) and 6§ = 1.0.
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Normalized Deflection Amplitude, IU (x) l

Normalized Deflection Amplitude, IU (x)l

1.0 T =T T LI 1 v 1 N
5 30 Modes o
————— 5 Modes
8 ! .
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I
40 -
:’
7
-1 7/ i
! /
2 ! // #
. A
4
0 1 | 1 | 1 L I 1 I
0 .2 A4 6 .8 1.0
Axial Coordinate, X
Figure 7. Comparison of Normalized Deflection Amplitude, IU x) l, Determined
by Modal Analysis Method for 5 and 30 Modes and for 6 = 1.0,
A= 9.6095.
1.0 T T T T T T T T
. §=1.0
F .
———=—= X =1.0
8 . ~ -
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/ o\
L / \\ N
/ \\
6 | ll N .
| N\
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L \ 4
I \
4 .
L ~ 4
“, N
2 A\
\
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0 L 1 ! L i 1 a1 1
0 2 4 K .8 1.0

Axial Ceordinate, x

Figure 8. Comparison of Normalized Deflection Amplifude,' U (x)l , Determined
by Modal Analyses, Using 30 Modes, for A = 9.6095 and for 6= 1.0

und2§m= 1.0.
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Figure 9. Contributions of Various Modal Components to the Mean-Square
Deflection for & = 1.0 and M) = 9.6095.
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Figure 10. Relationship Between Parameters & ond 2
for Axial Coincidence of Shell Modes.
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Figure 11, Contours for Axial Coincidence Conditions of Cylindrical Shell
for Several Values of Parameter .
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Figure 12, Contoun for Circumferentiol Coincidence Conditions of Cylindrical Shell
for Several Values of Parometer %,

.8 .9 1.0 1.1 1.2 1.3 1.4 1.5

Circumferential Mode Parameter, ﬁ n

Figure 13. Typical Contours for Axial and Circumferential Coincidence Conditions Showing Regions
of Acoustically Fast and Slow Modes of Shell.
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Figure 14, Contour Plots for Shell Resonance Frequencies
and Acoustic Coincidences; SLA Structure
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. . . 1.0 1.
Circumferentiol Mode P , ¥ 3'n

Figure 15. Contour Plots for Shell Resonance Frequencies and Acoustic
Coincidences; SLA Structure, Radius = 52 in.
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. " . Figure 17, Contour Plots for Shell Resonance Frequencies and Acoustic
Figure 16. Contour Plots for Shell Resonance Frequencies and Acoustic Coincidences; SLA Structure, Radius =156 in.

Coincidences; SLA Structure, Radius =78 in.
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Figure1g, Contour Plots for Shell Resonance Frequencies and Acoustic
Coincidences; SLA Structure, Radius = 208 in.
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Figure 15. Contour Plots for Shell Resonance Frequencies and Acoustic
Coincidences; SLA Structure, D =8.1 x 104 Ib/in.
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Figure 20, Contour Plots for Shell Resonance Frequencies and Acoustic
Coincidences; SLA Structure, D = 1.62 x 105 Ib/in.
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Figure 21, Contour Plots for Shell Resonance Frequencies ond Acoustic
Coincidences; SLA Structure, D = 6.48 x 105 1b/in.
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Figure 23. Contour Plots for Shell Resonance Frequencies and Acoustic
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Excitation Fields; Republic Cylinder No. 12 (18" Radius x 54" x .020"}.
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Figure 123. Number of Modes Required to Achieve 99% of Total Responte for Various
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Figure 125. Number of Modes Required to Achieve 99% of Total Response for Various
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Figure 127. Number of Modes Required to Achieve 99% of Total Response for Various
Excitation Fields; Stiffened Flat Panel (72.1" x 48.1"),




